DOCUMENT RESUME 



ED 314 592 



CE 053 917 



TITLE 



INSTITUTION 

PUB DATE 
NOTE 

PUB TYPE 



Technical Guidelines and References: Crops Training 

Component. From: Agricultural Development Workers 

Training Manual. Volume III: Crops. 

Peace Corps, Washington, DC. Information Collection 

and Exchange Div. 

Nov 85 

167p.; For related documents, see ED 242 883-886. 
Guides - Classroom Use - Materials (For Learner) 
(051) 



EDRS PRICE MF01/PC07 Plus Postage. 

DESCRIPTORS Adult Vocational Education; Agricultural Personnel; 

Agricultural Production; *Agronomy; Disease Control; 
Extension Agents; Extension Education; Farmers; Farm 
Labor; *Field Crops; Harvesting; Herbicides; 
Horticulture; Insecticides; Pesticides; Pests; Soil 
Science; Voluntary Agencies; * Volunteer Training; 
Weeds 

IDENTIFIERS *Peace corps; Vegetables 



ABSTRACT 

This reference manual for training Peace Corps 
agricultural development workers deals with crops. The document 
begins with common units of area, length, weight, volume, and 
conversions between them. A practice problem is worked and other 
conversion problems are c,*ven. The second section is intended to show 
agricultural field workers hov; to survey and interpret the important 
features of a local agricultural environment and the individual farm 
units that are part of the environment. Section 3 is a guide to 
troubleshooting common crop problems. Section 4 offers guidelines for 
vegetable growing. Section 5 is an introduction to insects and insect 
control. Section 6 discusses nonchemical pest controls. Using 
chemical insecticides is the subject of section 7. Section 8 covers 
disease control. Section 9 discusses nematodes. Section 10 deals with 
weed control. An annotated bibliography suggests four 
vegetable-related references to be ordered for each trainee and 
references on vegetables and field crops to be placed in a training 
center library. Included among those library references are 7 on 
vegetables, 20 on insects, diseases, weeds, and nematodes; 3 on soil 
management and fertilizer use; 2 on irrigation; 13 on field crop 
production; 3 on root and tuber crops; 1 on tropical agriculture; and 
2 on agriculture extension. (CHL) 



****** ^ *************************************************************** 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 

********************************************************************** 



T-38D 



TECHNICAL GUIDELINES AND REFERENCES : 
CROPS TRAINING COMPONENT 



From: 

Agricultural Development Workers 
Training Manual 
Volume III: Crops 



U.S. DEPARTMENT OF EDUCATION 

EO(^tfONAt^RESOURCESMFORMATION 
(prTms document has Peon reproduced as 

° ■"" ™"">~ 

* ~? n i\? f v,ew °P ,ft, <> n * »i*t «d «n this docu- 
neo. ~. J° n * w » Mn ^ '*P'osent official 
UtRl position or policy. 



Printed By: 
PEACE CORPS ^ 
Information Collection and Exchange 
November 1985 



BEST COPY AVAILABLE 



CHAPTER III: TECHNICAL GUIDELINES AND REFERENCES FOR TZ CROPS 

TRAINING COMPONENT 

TABLE OF CONTENTS 

Page 

UNITS OF MEASURE AND CONVERSIONS 124 

Common Units of Measure and Conversions 124 

How to Convert Yields 125 

Units of Measure Practice Problems < 126 

SURVEYING AND INTERPRETING THE AGRICULTURAL ENVIRONMENT 127 

The Agricultural Environment 128 

Guidelines for the Orientation of the Ag Field Worker.... 132 

Understanding the Individual Farm Unit 141 

Designing a Questionnaire s 144 

Introduction to Crop Production Management 150 

A Guide to Crop Production Management Factors 153 

A GUIDE TO TROUBLESHOOTING COMMON CROP PROBLEMS . 158 

GUIDELINES FOR VEGETABLE GROWING 163 

Rooting Depth of Vegetables 163 

Vegetable Production Planning Chart 164 

He^t Tolerance of Vegetables 165 

Cold Tolerance of Vegetables «•• 165 

Vegetable Families 166 

Nutritional Value of Vegetables * 167 

Calculating How Much Seed to Buy * 171 

A Sample Seed Calculation Problem 172 

Selecting the Right Type and Variety of Vegetable 175 

Storing Seed and Testing Germination » 178 

Choosing a Vegetable Garden Location 179 

Using the Right Type of Seedbed * 180 

Plant Spacing Guidelines 181 

Intercropping • 182 

Succession Planting • 182 

Watering Vegetables 184 

How to Grow Super Transplants * 188 

Tips on Transplanting Vegetables ♦ 195 

Guidelines for Individual Vegetables • 198 

When to Harvest Vegetables 210 

INTRODUCTION TO INSECTS AND INSECT CONTROL 214 

Some Important Facts on Insects 214 

How to Identify Insects and Their Damage * 215 

The Use of Scientific Names for Insects 216 - 

Methods of Insect Control Compared: Non-chemical, 

Cheraincal and Integrated f ; 216 

SOME "ORGANIC" ( NON-CHEMICAL ) PEST CONTROLS 220 



- 122 - 



USING CHEMICAL INSECTICIDES # # 224 

Some Important Facts on Insecticides !!!!! 224 

Insecticide Safety Guidelines !!!!*! 227 

Symptoms of Insecticide Poisoning 228 

First Aid Measures ...i !!!!!!!! 229 

Application Guidelines and Dosages W.l 232 

Some Insecticide Recommendations for the Reference # Crops ! 238 

Insecticide Math and Dosage Calibration 244 

How to Calibrate Backpack and Tractor Sprayers !!! 248 

Insecticide Toxicity Tables !. . !! 251 

DISEASE CONTROL #### 258 

Types of Diseases and their Identification 258 

Methods of Disease Control and their Effectiveness 261 

Recommendations for Foliar Fungicides p 263 

Seed Treatments ••••!!!!!!!! ] 267 

NEMATODES AND THEIR CONTROL ...... 268 

Basic Facts on Nematodes , 268 

How to Diagnose Nematode Problems 269 

How to Control Nematodes 270 

Nematocides and Soil Sterilants !.!!!!! 272 

WEED CONTROL ......... 276 

BIBLIOGRAPHY: Useful Crop Production References for Trainees 

and Trainers oon 



- 123. - 



COMMON UNITS OF MEASURE AND CONVERSIONS 



Area 

1 HECTARE 85 10,000 sq . meters c 2.47 acres * 1.43 manzanas (Central America 

1 ACRE * 4000 sq. meters « 4840 sq. yards ■ 43,500 sq. ft. * 
0.4 hectares * 0.58 manzanas (Central America) 

1 MANZANA (Central America) » 10,000 sq. varas « 7000 sq. meters « 
8370 sq. yards * 1.73 acres * 0.7 hectares 

Length 

1 METER - 100 cm » 1000 mm «= 39.37" » 3.28 ft. 

I CENTIMETER * 10 mm « 0.4" 

i INCH » 2.54 cm « 25.4 mm 

I VARA (Latin America) 32.8" - 83.7 cm 

1 KILOMETER - 1000 m * 0.625 miles 

I MILE - 1.6 km » 1600 m - 5280 ft. 

Weight 

i KILOGRAM * 1000 g « 2.2 lbs. - 35.2 oz. 
1 POUND - 16 oz. * 454 g ■ 0.454 kg 
1 OUNCE * 28.4 g 

1 METRIC TON = 1000 kg - 2202 lbs. 

1 LONG TON - 2240 lbs; 1 SHORT TON « 2000 lbs. 

1 QDINTlJ « 100 lbs. (Latin America); 112 lbs. (British); 100 kg (metric) 

Volume 

1 LITER = 1000 cc » 1000 ml = 1.06 U.S. quarts 
1 GALLON (U.S.) - 3.78 liters « 3780 cc (ml) 

1 FLUID OUNCE ■ 30 cc (ml) = 2 level tablespoons (measuring type) 1 
* 6 level teaspoons (measuring type)2 

Miscellaneous Conversions 

Lbs. /acre x 1.12 s kg/hectare; lbs. /acre x 1.73 ■ Ibs./manzana 
Kg/hectare x 0.89 ■ lbs. /acre; kg/hectare x 1.54 « Ibs./manzana 
Lbs./manzana x 0.58 * lbs. /acre; Ibs./manzana x 0.65 « kg/hectare 
Temperature : C° » (F° - 32) X 0.55 
F° « (C° x 1.8) + 32 



1. With liquids, 1 level tablespoon equals 18 cc (ml) due to surface 
tension. 

2. 1 level teaspoon (measuring type) « 5 cc with solids; 6 cc with 
liquids • 
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HOW TO CONVERT YIELDS FROM A SMALL PLOT BASIS 
TO A KG/HECTARE OR LBS. /ACRE BASIS 



Samp le problem : Poro tells you that she harvested 130 kg of tomatoes off a 
plot measuring 8 x 10 meters, but her friend Suheyla says 
her own plot yielded 75 kg and measures 5x6 meters. 
What are the relative yields in terms of kg/ha? 

Solution; The easiest way is to set up a proportion like so: 

plot area in M2 , yield of plo t in kg 
10,000 M2 kg/ha yield * 

In Pora's case : 80 M 2 „ 130 k 

10,000 H?— kg/ha yield 

Cross multiply: 80 x kg/ha yield - 10,000 x 130 

kg/ha yield « 10,000 x 130 

80 

kg/ha yield - 16,250 for Pora 

In Suheyla 's case : 

30 M 2 . 7 5 kg 

10,000 M?- kg/ha yield ' 

kg/ha yield - 75 x 10,000 

30 

- kg/ha yield = 25.000 for Suheyla 



Alternate Method : Use this formula: 

Yield in kg/ha - 10,000 x plot yield in kg 

plot area in M 2 



What about lbs /acre?: The English system is more cumbersome since an acre 
equals 43,560 sq. ft. or 4840 sq. yards. However, you can use 400080. 
meters which is close enough (1 acre actually equals 4050 sq. meters). Work 
the lbs/acre problems in the same way as above. 
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UNITS OF MEASURE PRACTICE PROBLEMS 



1. 15 acres * 


HECTARES 


2. 


5 Hectares « 


ACRES 


3. 8000 M2 - 


HECTARES 


A. 


60 cm « 


INCHES 


5. 1500 mm « 


INCHES 


6. 


6 inches *- 


cm 


7. 100 km - 


MILES 


8. 


AO miles ■ 


km 


9. 10 meters ■ 


FEET 


10. 


20 feet « 


METERS 


11. 50 kg » 


LBS. 


12. 


1000 lbs. " 


kg 


13. 12 ounces ■ 


GRAMS 


14. 


800 g « 


LBS. 


15. 5 gallons * 


LITERS 


16. 


10 liters - 


gallons 


17. 10 fl. oz. - 


cc (ml) 


18. 


120 cc (ml) - 


fl. oz. 


19. 30°C « 


°F 


20. 


100°F - 


°C 



ANSWERS: 1) 6 ha 2) 12.5 acres 3) 0.8 ha A) 23.6" 5) 60" (59") 
6) 15" (15.2) 7) 62.5 miles 8) 6A km 9) 32»8 ft. ID) 6.1 meters 
11) 110 lbs. 12, A5A kg 13) 3A1 g 14) 1.76 lbs (1 lb. 12 oz.) 
15) 18.9 liters 16) 2.65 gals. 17) 300 cc. 18) A fl. oz. 
19) 86°F 20) 37.7°C 
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SURVEYING AND INTERPRETING THE AGRICULTURAL ENVIRONMENT 

The purpose of this chapter is to show you, the agricultural field 
worker (AFW), how to survey and interpret the important features of the 
local agricultural environment and the individual farm units which are a 
P art oFit. This is vital to your effectiveness as an .extensionist, since 
it will enable you to fully comprehend your work area's farming systems and 
practices, as well as its individual farm units. 
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A. THE AGRICULTURAL ENVIRONMENT 



The local ag environment is made up of those factors which influence an 
area's agriculture. The most important of these are listed below and are 
the ones on which we'll concentrate: 



The Main Features of the Local Ag Environmen t 
THE NATURAL (PHYSICAL) ENVIRONMENT THE INFRASTRUCTURE! 



Climate and Weather 

Land and Soils 

Ecology (the interaction 

among crops, weeds, insects, 

animals, diseases, people) 



Rainfall 



Transport (road, rail) 
Communications 

Storage and Market Facilities 

Improvements to Land 

Local Farming Practices, Systems 

Available New Technology 

Availability of Ag Supplies, Equipment 

Ag Credit 

Advisory Services 

Agricultural Labor Force 

Land Distribution and Tenure 

Incentives for Farmers (prices, 

markets, etc.) 



In dryland (non-irrigated) areas of the tropics with year-round growing 
temperatures, rainfall is the major environmental factor that determines 
which crops can be grown , when they're planted , and what they^yield . Rain- 
fall varies greatly from place to place, often within surprisingly short 
distances, especially under mountainous or hilly terrain. The dryland 
farmer is keenly aware of his area's seasonal rainfall distribution and the 
frequent deviations from the "normal" cycle such as "early" or "late" rains 
or unseasonal drought. Too much rain which can drown out the crop, delay 
harvest, and accelerate soil erosion can be just as serious as too little. 
It may be too wet for plowing one day, yet too dry the following week for 
good seed germination; rare is the rainy season that receives no complaints 
from farmers. 



When gathering rainfall data for youi work area, you should keep sev- 
eral points in mind: 



1» Annual rainfall averages have little meaning ; seasonal distribution 
and reliability are far more important in terms of crop production. 
For example, Ibadan, Nigeria is located in the transition zone between 
the humid and sub-humid tropics and receives about the same annual 
rainfall (1140mm or 45") as Samaru, Nigeria which is located to the 
north in the savanna zone. Ibadan 's rainfall is spread out over 9 
months from March to November in a bi-modal pattern (i.e. 2 rainy 



1. The Infrastructure refers to those installations, facilities, goods, 
services, and inputs that encourage ag production. 
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seasons with a drier period in-between). The first season is lone 
enough for a 120 day maize crop, although there is some periodic mois- 
ture stress; however, the second season is shorter, and soil moisture 
is usually adequate for only 80-90 days, so a 120 day crop suffers 
seriously. On the other hand, Samaru's equal rainfall is" spread out 
over 5 months in a uni-modal pattern so that the oaize crop is; much 
less prone to moisture stress. 

Seasonal rainfall distribution gives a good general indication of the 
amount of moisture available for crop production, but it doesn't give 
the full story. The amount of rainfall that actually ends up stored in 
the soil of a farmer's field for crop use depends on other factors too 
sucn 88 water run-off and evaporation from the soil surface , and the 
soil's texture (i.e. sandy vs. clayey) and depth . 

When interpreting the rainfall pattern of your work area," don't get 
bogged down in what is "average" or "normal". Annual and especially 
mojnthly_ totals can deviate widely from the averages. Variations are 
the rule not the exception, even though the general seasonal distribu- 
tion curve usually maintains a consistent shape. The chart below gives 
an excellent illustration of this. 



Monthly Rainfall Pattern^ Managua. Nicaragua, 1958-671 



(20") 500mm 

(16") 400mm 

(12") 300mm 

(8") 200mm 

(4") 100mm 




Wettest year, 1958 Annual total: 1437 mm (56") 

Driest year, 1965 Annual total: 757 mm (3C*"> 

Average, 1958-67 ^ m ^ mm Annual average: 1090 mm (43") 

Highest monthly rainfall between 1958-1967 ********* 
Lowest monthly rainfall between 1958-1967 + + + -h + 



How croppi ng cycles are related to rainfall pattern: In the tropics, 
cropping cycles are closely tied to seasonal rainfall distribution; you 
can see this by comparing the cropping calendar on the next page with 
the rainfall chart above. 



1. This chart is from the PC/Latin America Agric. Program Manual , Part III 
Unit It The Agricultural Environment, p. 4; prepared under John Guy 
Smith and published by Peace Corps in 1970. 
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Crop Calendar , Managua Area of Nicaragua * 



Long season maize |»— •~n MMM _| 

Short season maize |.~ MMH | MM | |« M « MMMMMMMIMM .^ 

Beans ^— 

Improved sorghum f. 

Native photosensitive ?*vrghum p MM ^ MMM . M » MMM i MaMWMHM J 

J F M A M J J A ~S 1) N D J 

The farmer as a weather "expert ": Official weather station rainfall 
data is handy to have i£ it's representative of your work area and is 
reliable, but it isn't essential. You can find out nearly all you need 
to know about rainfall distribution by talking with experienced local 
farmers; they are the local weather "experts". 

The following chart and graph 2 we re developed from the comments of a 
small Nicaragua*! farmer who lived only a mile away from the national 
weather station but had no access to its data. Notice how closely the 
curve derived from his remarks matches the station's average curve 
based on 10 years of data. 

Farmer's Observations Obsarver's Rationalizatio n 

"We always have a dry period from No signf leant rainfall 

December through April — always. for these five months. 

This is our "summertime". This NO RAIN, 
is a tad time for cattle." 



Month 

Dec. 
Jan. 
Feb. 
Mar. 
Apr. 



Hay "We can plow in May and we like 

get the early crops in as soon 
as there is enough woisture." 



Rainfall in May; enough to 
for germination. (A steep 
curve). RAINS START AND 
INCREASE. 



July "We always have our "little dry 
season" between July and Aug. — 
almC3t always — but last year it 
was so wet we lost our sesame 
harvest. We can plant our early 
crop so we can harvest it in the 
"little dry season". We should have 
2 weeks when the sky is bright." 



Dry months compared to June 
and Sept. There i3 a very 
short dry period bet%en 
July and Aug. when rainfall 
is reduced. A RELATIVE DIP 
IN RAINFALL BETWEEN JULY 
AND AUGUST. 



1. This cropping calendar is from the PC/Latin America Agric. Program 
Manual » Part III, Unit I: The Agricultural Environment, p. 4; prepared 
unaer John Guy Smith and published by Peace Corps in 19/0. Note that 2 
grain harvests are taken from the improved sorghum because of its 
ratooning ability. 

2. Ibid , p. 14. 



- 130 - 



Sept. 



Oct. 



Nov. 



"We get plenty of rain in Sept. 
but not so tm_ch in October. 

"It rains as much as June, maybe 
a little more. October rainfall 
is what makes the cotton crop." 

"You can count on the rains stopping 
about the middle of November." 



A RELATIVELY WET MONTH 



A WET MONTH 



Rainfall tapers off rapidly 
in Nov. (A steep curve). 
A RE7.ATIVELY DRY MONTH. 



Wet X 

Rel. Wet 

Rel. Dry-- 
Dry 




Jp MAMjJASOND 
From farmer's observations , From weather station mm 
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B. GUIDELINES FOR THE ORIENTATION OF THE 
AGRICULTURAL FIELO WORKERl 



These guidelines are designed to help you as a newly assigned agricul- 
tural field worker ( AFW) to orient yourself to the local ag environment and 
its individual farm units within 1-2 months after your arrival. When using 
the guidelines, keep in mind the following: 

!• Don't undertake a highly detailed survey of local resources at the 
start of your assignment unless your host agency specifically re- 
quests it . Otherwise, you're likely to arouse local suspicions, 
especially if you're overzealous or overbearing in your initial 
contacts • 

2. Your host agency may give you a basic orientation to your work 
area, but it may be very limited. 

3. If you discover discrepancies between the information gathered from 
local sources (farmers, etc.) and that from outside or official 
sources, trust your local "grass roots" information until proven 
otherwise . Local farmers are the ultimate authorities on the local 
ag environment. 

4. The guidelines that follow are organized mainly by subject area but 
don't have to be followed in a set order. You'll be picking up 
bits and pieces of information from a single informant that may 
deal with a number of areas and will have to put them into their 
proper context. 

FIRST PHASE (INTRODUCTORY) ORIENTATION 

This initial phase focuses on the local ag environment in general and 
is designed to help you orient yourself to it and to adjust your work sched- 
ule and activities to the seasonal rhythm of your area's agriculture. Un- 
less severely limited by your local language ability, you should be able to 
complete this phase in 2-4 weeks if you're energetic about covering your 
work area and spend several hours a day talking with local farmers and other 
sources of ag information. 

A- GET ORIENTED TO FARMERS AND TO OTHER LOCAL RESIDENTS WHO HAVE A VESTED 
INTEREST IN AGRICULTURE 

You're urged to spend a major part of your time talking with and LIS- 
TENING TO farmers and other knowledgeable sources who have a vested interest 
in agriculture. 



1# These guidelines are a condensation of "Guidelines for the Orientation 
of the Agric. Field Worker" from Part III, Unit I of the PC/Latin Ameri- 
ca Agric. Program Manual prepared under John Guy Smith and published by 
the Peace Corps in 1970. Their use is gratefully acknowledged. 



-"132- 13 



I. 



Local Farmers 




Get a general idea of how farmers are distributed geographically. 



b. Get a specific idea of where your likely clien t farmers are located 
(i.e, those uith whom your job description deals). 

2* Locate other knowledgeable individuals 

Such 38 ag technicians stationed or working in the area, local buyers 
of farm produce, local ag supply dealers , and local truckers , 

3. The Sample : Selecting reliable local informants 

Don't let your ear liest contacts bias you overall impressions. Likely ini- 
tial contacts are: your landlords relatives, the local mayor or other 
local official, the more easily accessable talkative farmers, or the "pet" 
farmers of the agency. At the early stage, your contacts don't have to be 
completely representative as long as they're knowledgeable . 

The value of your agency counterparts or supervisor as informants should be 
judged in terras of their actual experience (both in terms of time and among 
different classes of farmers). 

The best farmer-informants are usually among the more progressive farmers. 
However, a good informant for orientation purposes is one who represents his 
own class of farmers. For example, a progressive small farmer will provide 
more information and insight into small farming operations than a larger 
scale commercial farmer. 

Keep a careful record (diary entries) of all initial contacts. 
4. How to Interview 

a - Introducin g yourself : Ideally, you should have a third party make 
the initial contact and introduction; if this isn'-t possible, be 
prepared with a practiced explanation of your presence. It's im- 
portant that you emphasize that you are the learner at this stage . 

b# Suggested techniques : Allow the farmer to talk as spontaneously as 
possible; any leading questions on your part almost always get 
"yes" responses. Use a memorized interview schedule rather than a 
written one which is likely to inhibit responses. Avoid over- 
formality. 

c * Recording your results : It's generally not a good idea to take 
written notes in front of a farmer, although in some cases he may 
expect you (as a "technician") to do so. Some farmers may view 
written notes as having some possible connection with future tax 
collections, etc. It's best to wait until an unobtrusive n©ment 
such as ti.3 mid-day break to summarize your information in written 



form. 
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B - GET ORIENTED IN SPACE AND TO THE PRINCIPAL PHYSICAL AND DEMOGRAPHIC 
FEATURES OF THE ENVIRONMENT 



In order to locate farms, fanners, ag suppliers, etc., you should pin- 
point their locations with reference to the road and trail network and the 
dominant topographic features. You'll also want to locate or understand the 
principal physical and demographic features of your work area. 

1. Using maps 

a. Sources of maps 

(1) Geographic or geodetic service of the government ; in a number 
of LDC f s, the military geographic service may be the only 
source of relief (topographic) maps. 

(2) National resource inventory maps : They're useful for under- 
standing the regional dispersal of resources but not much help 
in making a local inventory of resources. 

(3) Road maps : those secured from public works agencies will show 
more detail than the usual service station maps. 

(4) Special sources: National and regional soil survey maps or 
land use maps ; regional development authorities; regional 
studies done by international agencies. 

(5) Homemade maps : Most official maps may not have a large enough 

scale to accurately pinpoint the location of farms, secondary 1 
irrigation systems, unimproved roads, etc. You can enlarge 
official maps yourself by hand. 

b. Using plastic overlays 

Use a separate plastic overlay for each class of information to 
avoid marking up the base reference map. 

c. Using xerox or carbon copies 

You'll save time by xeroxing or making carbon copies of your base 
map. 

% 2. Check List: xerox or carbon copies 

a. Topographical features : altituce, streams, principal features 

(landmatKs) recognized locally as reference points, valleys, farm 
and non-farm lands. 

b# Communications (roads and trails) : seasonal access, distances, 
travel times and modes of travel between points. 

c. Demographic : Locations of communities (and their local names), 
farmers. 

( 
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d * ^2|fg^££H£i: Irrigator, systems, drainage systems, «g supply 
stores, schools, extension offices, etc. • "uppxy 

GET 0RI2NTTO JO_CLIMA TO AND WEATHER PATTERNS 

Sources of Information 

a. Weather static.! records 

Obtain all available meteorological data from the official weather st«- 
denenT 1 ^ * 7 °f ^ ° f ** orientat value wHl 

z&£?~' proximity and wei1 ic ~~ ^r 1 

Relief maps 

«IU drop about 3.5'F (0.65'C per mewSf? 81 ' tem ' ,erat "'" 

c» Local farmers 

"everts". ' they ^ eV6ry reas0n t0 te th * local weather 

You can draw a rainfall chart which is accurate enough for the initial 

seasonal temperature variation. (See rainfall chart on P . 8). 

Ill I eC r d i ng f r mer ' S 0bservati0ns *out climate and weather, you'll 
underkr t Lrthe re rrd P ", int " ^ ^ ° n 8 > * he ob -rver 

Sc^ point. 7 n ° rain ' and this Was the refer " 

Climate and weather checklist 
a. Rainfall 

(1) Monthly distribution of rainfall 

2S, t 2 U I f? d/ .° r ChartS Sh ° Wing the nonth t0 distribution 
using the following criteria: 

(a) Dry to wet scale (see rainfall section, p.. 8) 

<b) a Ra we n e k al or f mo e ntT CY : ^ ° f tim6S iC * rains in 
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(2) Variations from seasonal norms and risk factors 



If reliable long run climate dat isn't available (10 years or 
rore), talk with local farmers who have lengthy local experience. 

Risk factors associated with climate and weather (i.e. droughts, 
hail, high winds, flooding ) can be sstablished by having farmers 
recall bad crop years over a spa*, of years. Be sure to distinguish 
weather factors from other causes such as insects and diseases. 

b. Temperature 

(1) Monthly temperature averages. 

(2) Periods of significantly high or low temperatures. 

(3) Occurence of first and last killing frosts. 

D« GET ORIENTED TO PREVAILING FARMING SYTSEMS AMD PRACTICES 

1« Identify the major crop and livestock enterprises in your work area. 

2* For each of the crop enterprises which predominates in the area, indi- 
cate the following and note any local variations: 

a. Indicate the growing season 

(1) Normal growing season and its variations (early-late) 

(2) Make a cropping calendar using line bar graphs (see p. 16) { 

b. Describe production practices 

Don r t confuse the practices recommended by extension with those 
generally accepted by farmers. Your interest is in the prevailing 
practices used by most of the farmers in your area. Make note of 
any significant differences among different groups of farmers. 

(1) Describe the principal land preparation practices along with 
their earliest and latest dates of application. 

(2) Indicate the following for every practice 

(a) What the practice is called locally . For example, in many 
areas of Central America, the practice of hilling up maize 
(throwing soil into the row) is called the "aporque". 

(b) The kind and amount of input or inputs associated with- the 
practice and the amount applied as well as the method and 
timing of application. This includes man days of labor. 1 



!• The use of the term 'man days" is not meant to imply that all farmers 
are men I 



(. 
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c » Estimate yields and returns 

At this stage of your orientation, you're advised not to make a detail- 
ed account of the costs and returns; seeking such data can arouse local 
suspicions or fears of future tax levies. You should be after rough 
estimates of production costs, and gross and net returns. 

(1) Reported yields per unit of land. 

(2) Recent prices at normal time of sale. 

(3) Multiply recent prices by approximate average yield to get 
approximate gross returns. 

(4) Subtract approximate production costs from gross returns to 
obtain approximate net returns. 

There are 2 ways to do this: net return to capital, land, an d 

family labor where the only labor costs you account for are 

hired labor; or net return t o land and capital in which case an 
opportunity cost (exchange value) must be assigned to family 
labor and subtracted from the gross return. The first way is 
the easiest. 

Indicate the relative disposition of production 
a * Estimate the, percentage that is marketed. 
b * Identify t he principal local market outlets (buyers) . 
c « Seasonality of marketing and prices 

(1) Seasonal movement of the production off the farms: is it sold 
at harvest, some sold at harvest, some held for higher prices, 

(2) Seasonal price fluctuations (average over several years). 

: d ! t ^ he ,° UtSide P roductt °" inputs w hich are available local ly. 
{ Available means when needed) 

a> Prop production supplies (give brands, grades, and unit prices): 
fertilizers, insecticides, fungicides, herbicides, hand tools, hand 
operated equipment, seeds, etc. 

Agricultural machinery and equipment (if U8 ed) : tractors (horse- 
power and, make), implements, irrigation pumps, etc. 

c. Services 

(1) Custom machinery services and rates charged. 

(2) Professional services (indicate whether public or private): 
\^ technical assistance, soil testing, etc. 
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E. SUMMARIZE YOUR INFORMATION, GET ORIENTED IN TIME 

Every area's agriculture is tuned to a time schedule or seasonal rhythm 
to which you must adjust your work schedule and activities. That's why get- 
ting oriented in time (or better put, ahead of time ) is so vital to your job 
effectiveness • Unless you have a clear picture of tte local ag calendar, 
yoa could easily waste the first growing season* 

We strongly recommend that you summarize this initial phase of your 
orientation by making graphs and calendar charts that show your area's sea- 
sonal rhythm of climate, agriculture, and -social or religious activities. 

The following graphs, charts, and observations were obtained by .a group 
of Peace Corps Volunteers assigned as rural credit agents in the Pacific 
region of Nicaragua during an orientation training exercise. The principles 
involved apply worldwide* 

1 • * Make a generalized climate and weather calendar 
a. Normal monthly .distribution of rainfall 

(1) As related by farmers using terms such as dry, wet, some rain, 
wettest time, rainfall drops off, etc. There are 2 ways to do 
this: 

Using the Frequency of Rainfall to measure seasonal distribution 

4 times /wk. 
3 times/wk. 
2 times/wk. . 
1 time/wk. 
0 times/wk. 



Using a Dry to Wet Scale ; See graph on page 8. 

(2) Measured in millimeters or inches if you have access to reli- 
able meteorological data. 

b. Indicate the range and frequency of possible deviations from normal 
rainfall patterns : 

(1) As related by farmers 

(2) As recorded by weather station (see graph on p. 6). 
2. Making a calendar of agricultural activity 

a* For each of the major crop enterprises, display the following: 

(1) Length and possible range of growing season including likely 
variations in planting and harvest times. 
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3. i.e., Malaria in humans and cocci in chickens. 
Rickettsiae 

!• Smaller than bacteria but larger than viruses* 

2. They can cause intracellular infection. 

3. Like viruses, they can live and multiply inside the tissue cell of 
the host* 

4. Unlike viruses, they are sensitive to antibiotics and have a carbo- 
hydrate shell. 

5. i.e. , Q fever and Rocky Mountain spotted fever are both caused by 
them (zoonoses). 

Mycoplasma 

1. A virus-like organism. 

2. They can be grown in a medium free of mammalian tissue cells. 

3. They are sensitive to certain antibiotics. 

4. i.e., CRD in chickens. 
Fungus 

1. Molds (multicellular), yeast (unicellular). 

2. They can invade animal tissue to produce disease and produce potent 
toxins • 

3. They can grow outside the animal in feed, producing toxins which 
are harmful ^o animal after being consumed, i.e., mycotoxicosis 
and aspergilosis. 

Parasitism (General) 

1. They vary from a single cell coccidia to worms and insects. 

2. They can be either totally dependent on the host animal for 
survival or independent part of the time. 

3. The relationship of many parasites is commensalistic. That is, the 
parasite lives off the host without really harming it, because if 
it did the parasite will be homeless. 

4. Some immune response is developed. 

5. Knowledge of the life cycle can provide the opportunity for control 
without depending on drugs. 



- 139 - 

^ 20 



Example; Demand for Production Credit . Branch Office of the National Bank of 
Nicaragua 



Number of 
Credit 

Applications 
per Month 




b. Indicate seasonal marketing patterns (the area at which the crop is 
marketed) . 

c » Indicate seasonal range of prices : Draw graphs. 

*• Make a calendar of social activity that includes religious nolidays and 
other holidays or seasonally determined social obligations. 



THIS CONCLUDES THE INITIAL PHASE OF YOUR ORIENTATION, and you should now b> 
able to schedule your work activities intelligently and have a good under- 
standing of the local ag environment and farming practices. 
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C * UNDERSTANDING THE INDIVIDUAL FARM UNIT 
Clausifying Farm Units 

fan. EE,™ 8 ^ " M " lta eta: - "» — » ""erentiate types of 
1« location 

3* S>f °* ° ccu P anc yi owner occupant vs. tenant vs. squatter 

3. Size of farm, parcelization, and land use potential 

4. Size of the- farm business 

5. Type of farm enterprise 

6. Production practices 

7. Farm improvements 

8. Farm labor supply 

1. Location 

The principal factors here are: 

a. Natural characteristics such as soil type, slope, soil depth 
drainage, access to water, etc. oeptn, 

b. Proximity to the transportation network and other inf rastructural 
factors such as public irrigation and drainage systems. 

c. Location in relation to other farm units. 

d. Local name of the farm's location. 
2. Type of Occupancy 

The principal considerations are: 

a. Who owns the land? 

b. If not owner-operated, what is the tenancy arrangement (i.e. cash 

e r ecure C i r s° P t£ T* " ™\' h ™> and « ^ specific terms How 
secure Is the arrangement? 

C * Yen* rL e hS 8 thtf al tltle * land ' 18 iC ° CCU P ied -q«t- 
ters rights that are protected by Law? 

d. Who manages the farm unit and makes the basic decisions? 
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3 * Size of Farm, Parcelization, and Land Use 

- , - f 

a. Total farm size in terms of local units of measure. 

b. Location of farm parcels: If they're dispersed, how far are they 
from the farmer's house? 

c. Actual land use: tillable vs. pasture vs. forest; irrigated vs. 
non-irrigated. 

d. Characteristics of its soils: local name, color, texture, depth, 
drainage, slope, plus farmer's opinion of them. 

4* Size of the Farm Business 

a. Land value of the farm unit 

b. Value of other fixed assets 

c Amount of operating capital employed per land or livestock unit 
d. The value of production per land or livestock unit. 

The value of the farm unit compared to its number of workers indicates 
whether it is capital intensive or labor intensive. The value of p oductlon 
per land unit* indicates the intensity of land use. 

5. Type of Farm Enterprise 

f 

Some farms are engaged in only one enterprise such as sugarcane, cof- 
fee, rice, etc., but this type of monoculture is unusual among small farms. 
More likely, some form of mixed agriculture will exist. The main considera- 
tions are: 

a. Relative importance of each enterprise. 

b. The, yields obtained from each enterprise 

c. The disposal of the products from each enterprise (subsistence or 
cash sale) and where sold. 

d. Crop rotations and associations. 

e. Relationship between crop and livestock production, if any. 

6. Production Practices 

a. The specific inputs. 

b. Rate, method, and time of application. 
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Farm Improvements . 

tSSSFg*?. faBily «— (« «. far. MMger . 8 and faro 

b. Presence and condition of fences, wells i t H-e ( ». ,. „ 
access roads. s t ora g e facilities.' SSt^lSSS^^ 

The Farm Labor Sup ply 

** ^IhSiSS." ° m ^ £ «<* - «- ocposl 

b. Degree of dependence on hired labor. 

c. The seasonal nature of work requirements. 

d. Use of animal or tractor drawn K .pment. 
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D. DESIGNING A QUESTIONNAIRE 



The quality of the information which you are able to gather from local 
farmers depends heavily on the quality of your questionnaire. Even the most 
elaborate survey will fail to elicit accurate information if you have not 
taken care to design clear, unbiased questions. The following "Sample Sur- 
vey" outlines one procedure for designing effective questionnaires. 



One of the most useful and economical means of gathering information about a 
population is the sample survey. The instrument used to collect data is 
known as a questionnaire. Before starting to construct a questionnaire, you 
jehould be able to answer the following questions: 

a. In what areas do you need Information? 

b. Why do you need this information? 

c. How will you analyze the data collected? 

A questionnaire may appear to be easy to construct and use but in fact it 
requires a great deal of care and expertise. The following guideline should 
be sufficient for your work in the community. It is not meant to train you 
in the methods necessary for scientific research. If you are interested in 
collecting more detailed information, seek assistance from a social sciexr* 
tist in your area. 

Steps in Designing a Sample Survey 

I. Constructing the Questionnaire 

A. Before writing the questions, several decisions should be made: 



1 • How to relat e the content of the questions to the objectives of 

the survey . In certain studies such as population census, the 
relationship between the goals of the survey and the questions 
is usually obvious. But when the aim is to obtain information 
on motivation, intentions, feelings, etc., the wording of ques- 
tions is more difficult. 

When choosing issues to be raised, how to ask the questions and 
what vocabulary to use, try to be sensitive to people's back- 
grounds. A common problem found with inexperienced personnel 
in the field of survey research is the tendency to assume that 
the respondent has the same level of knowledge in the area 
studies as they do. Following are some reasons that may ex- 
plain the respondent's inability to answer a given questions: 

a. The respondent may not have enough knowledge in * given 



Sample Survey 



field. 
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S? c r f 8p0nden . t d0eS not W ac «88 to the information 

a^out thf 2 ln 8tU ? lG ! a8k respondents Jo re^rt 

about the characteristics of other family members"? neigh- 

C# p^8tr 8P ° ndent ^ for « otteR fac " that happened in the 

d. The resident may not understand the question. 
Wording of questions 

Having decided about the content of the questions, you should 
then five attention to the actual wordine of thZL h?Z a ?¥£t 
Preci«e, clearly-worded questions w?U givf yorcLlJ^naw-e^ 
Following are some suggestions you can Se if'ieSiS them?"* 

** language should be simple, direct and at a level which 

can be understood by all respondents. You should avoid SL 
extremes: don't use technical terms and jargon which are 
familiar only to those with a certain level of JEcSim 
and avoid -talking down" to the respond^ bfuSnTungram- 
aatical constructions and colloquial phrabes; g 

' D, ^ question should be sp ecific and should de«l with only 
oueldea tor example, if a respondent were al*^^^ 
t tunic that the ccmaunity needs were family privies and *r#» 
I™, P 1 ?™^ P build one for your family?" The^nswer 

^ "No.-^hich might mean that he/she ITes*™ think 
iff' the c .°™»unity needs more privies or it might mean that 
the community does need more privies, but that she/he ±1 
not going to build one for thl family. In any caseTthere 
is always a risk that the respondent is answering "yes" " 
no to only one part of the question. 

To avoid these di' iculties, it is better co limit the 

?f 2/ 8 ngle l88Ue and then c °°bine the responses 
xater if this is necessary. 

Z ' ^e question should not m ake unnecessary assumptions about 
the respondent. For example, the question "What is vour — 
presenc r occupation?" assumes 'that ?he respondent anally 
has an occupation and would not be applicable to those who 
are unemployed. To avoid those dangers, it is best S use 
what is known as a "filter" or the "skip* pattern^ LviceT 
These questions have at leat two parts: the first deter- 
mines whether or not the respondent qualifies for further 
investigations, while the second par? will give more 
detailed information on those who qualify. *For example: 

(1) "Have you ever worked?" 

(a ' y es (*>> no (skip to question 2) 

If yes, 

"What was your occupation?" 
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d * Avoid using Indefinite words. One type consists cf words 
that are indefinite in time, such as "frequently, " "often " 
a^ek^'etT' " Frequently " »»y. nea n "once a day" or "once 

There are, of course, many other ways in which questions 
can be unclear, but these examples serve to illustrate some 
of the more common mistakes. 

3. Types of questions 

There are basically two t yi >os of questions used in a question- 
naire: the closed" and "open-ended" questions. The first one 
is illustrated by items such as: 

you think that the drinking water supply of the community 

a. quite good?" 

b. only fair?" 

c. not good?" 

where the respondent is asked to choose one out of a list of 
possible answers. 

With "open-ended" questions, the respondent is free to use his/ 

wf^°^ W ° rd8 *? r ? pl S* f° r exam P le: "How satisfied are you 
with the community s drinking water supply? Whay do you feel 

J? 1 0r±ty ° f ^ e8tionnai ^ contain both "open- 
ended and closed" questions. 

4. Ordering the questions 

There is no correct format for a questionnaire but certain 
principles are found to aid efficiency. These principles are: 

a. The first impressions should be that the questionnaire is 
relevant, clear and easy to complete. 

b. The first questions should ordinarily be terms that are 
emotionally neutral and easily answered. 

c The questionnaire should be as short as possible. Do not 
include questions on the basis that information might be 
useful for some purpose at some time in the future. 

d. The questions should follow each other in a logical order 

^°!L ld n0t *I re P etitive » except when you are attempt- 
ing to be sure that you are getting accurate information. 

5. Culturally sensitive questions 

or Zr^T! there 8 ° me ^ 8 "ons that cannot be asked, 
or must be asked very carefully in a survey. Sensitive ques- 
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elon after the pretest (disused be?ot) ! ** P03Slble revt ' 
B. Types of Quest iounaires 

There are two types of questionnaires: 

2 - ell rec t ^d V e i dTSl°rre„er. , ' hiCh * — «~ » —* 

Advantages and disadvantages are found in wv, „ *u j 

for vour unr-lr -f„ .-v,- „ , rouno m both methods. However 

ror your work in the community, you might consider usinz thT 

interview-questionnaire which will give you an onL^ < 

to know the. people on a Mr8Q n« fL<. 21 ? °PP° r ^nity to get 

naire has thf f ollowLg XS^i? ^ inte ^ew-question- 

1. It reduces the problem of non-response. The presence of M» 
interviewer can sometimes serve J an IncSiS^"^^ 

It can be used with persons of' almost all educational levels. 
It allows probing for more detailed information and the inter- 



2. 
3. 



II. The Pre-test 



Once the questionnaire has been assembled, it should h» _ _ 

people similar to those to whom It Is to b. ad^stertd l Is ft 

no r t 10 srr are enough to * * ^s.s^^rL, 1 ? 

rufalonsTderTS pr^estf 1 "' " « W~ 

A. Does the question ask for information that is needed for the pur- 
poses of the survey? Are you sure you need to ask this quest Zx 

B * ot'd^ qUe8ti0n ? f nd words interpreted in the same way by people 
fndlo" 6 ^ 8001 * 1 gr °" Pe ' 6thniC educational'leveT 11, 
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C. Are there certain questions which seem to create irritation or 
embarrassment? 

D. Are any questions confusing to the respondent? What would make 
these questions more clear? 

E. Is the questionnaire too long? 

F * ^ ff t ^ r Ji, enOUgh 8? / Ce t0 reCOtd the answ "? Nothing is more annoy- 
ing to the respondent or to the interviewer than having to write a 
lot of information into too small a space. 

G. Are there repetitive questions? 

^i^foi 8 ,.^ e88en j;ial u Part of questionnaire design and should not be 
omitted on the grounds that the questionnaire can be properly evaluated 
by you and your team of local people. 

III. Selection of the Sample 

It is nearly impossible for you to ask everybody in the community a set 
of questions. What you can do is to select a small group of^eSle 
(the sample) to whom you will administer your questionnaire. The aim 

, p l? cesB is t0 obtain information from the sample which will 
apply to the total population of the community when the information 
gathered is analyzed. 

There are several sampling techniques, but for the purpose of your 
study, you need not get into complicated statistical calculations. 
Following is one simple method: 

Make a list of all the households street by street or block by 
block, then select one household out of eveiy five, 10 or 15 house- 
holds, depending on the size of your sample. 

For your study, 20 to 30 interviews are sufficient. Select equal num- 
bers of male and female respondents. Very often, the community may 
have several different ethnic or social groups, m this case/be sure 
Ko^r^ 0f each S-up, ^ num- 

Remember that the population of your sample must represent and have as 
much as possible the characteristics of the population of thTwSS 
community. 

IV. Interviewing 

Ir^n^V* th3t the ^^onx^ire is a tool that helps you 

to collect ..formation for a better understanding of the community. 

tT SIS" WCrS ^ th ° Ut 8h0Wlng any d0ubt; d0 not chan S e "P^es that do 
not sound correct to you. 

First, set up a friendly relationship with the respondent. Explain the 
purpose of the study in such a way that the respondent's curiosity and 
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interest are stimulated. He/she must see that the study is worthwhile 
and that his/her cooperation is needed. Another important aspect of 
interviewing is probing. This is the technique used by the interviewer 
to encourage and stimulate the respondent to give further details. You 
can^use a neutral question or comment such as "What do you mean?" or "I 
see" or remain silent, suggesting to your respondent* you understand the 
answer given but you know that she/he has more to say. 

The important point to keep in mind is that you should not impose your 
ideas upon your respondent to a point that she/he feels obligated to 
give the answer that you want — an answer that does not reflect his/her 
own feelings. 

Analysis of the Data Collected 

In conducting the community survey, your goal is not to gather statis- 
tical information such as the number of persons in different age groups 
or the number of persons having a certain illness, but rather to gain a 
better understanding of the people's traditions, knowledge , and beliefs 
of the community's felt needs, of what could and should be done for the 
well-being of the people. 

For example, if you want to know what the community thinks about the 
services given at the health clinic, your analysis may present itself 
under this form: 

"Reasons for not using the health center by ...." 

a. sex (male/female) 

b. marital status (single, married, divorced, widow(er)) 

c. education (know how to read and write, primary education, secondary 
education, etc . . .) 

d. income 

e. location 

f. and others 

Examining the responses to this question for each of these categories 
will help you to understand why the health center is not used. For ex- 
ample, the location may not be too convenient for some people because 
of the lack of public transportation, or women say that the midwife- 
nurse's manners are rude, or the villagers, especially those with lit- 
tle education, consider the health center as the place for dying pa- 
tients. This kind of information will help you to plan your education- 
al activities accordingly. 
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INTRODUCTION TO CROP PRODUCTION MANAGEMENT 



Good crop production management involves attention to two major areas: 

!• Standard managerial skills like timeliness and recordkeeping that 
are essential to the success of any enterprise. 

2. The farmer's ability to manipulate the ag environment by selecting 
and implementing an appropriate system of cropping practices from 
land preparation through marketing. 

STANDARD MANAGERIAL SKILLS 



Most of these skills apply as much to extension workers as to farmers: 

A systemic approach : This means treating crop production as a system 
composed of interrelated management practices. Another term for this 
is integrated crop production management. 

Organizing and planning : From land preparation through marketing. 

Recordkeeping: For example, maintaining an accurate account of costs 
and returns; keeping a field notebook to record planting dates, dates 
and dosages of ag chemicals, rainfall, and general observations on the 
crop's progress. This is a much neglected management skill. 

Observing-s cou ting to spot problems like insects and diseases so that 
timely action can be taken. 

Timelines s and thoroughness : Delays in planting, fertilizing, weeding, 
watering, spraying, and harvesting can markedly lower yields. Care- 
lessness and haste have a similar effect. 

Equipment maintenance and repair: Sloppy maintenance not only raises 
equipment costs but the resulting delays can also lower yields. 

Communication with other farmers, researchers, and sxtensionists to 
provide feedback and to keep abreast of new developments in cropping 
practices. In addition, farmers need to keep informed of market trends 
concerning their crops. 

^MANIPULATING THE AG ENVIRONMENT 



No other endeavr is subject to more variables than outdoor crop produc- 
tion. The countless variations in soils, climate, pests and diseases, 
fanner management ability, available capital, and available inputs (improved 
varieties, fertilizers, etc.) make such agriculture a very location-specifi c 
enterprise with few "cookbook" recipes for success. 

Despite the vagaries of Nature, a farmer still has a good deal of con- 
trol over his/her specific cropping situation by choosing those management 
practices which can overcome or moderate limiting factors and often make the 
c ference between profit and loss (or hunger and subsistence). Whether 



- 150 - 



ERLC 



consciously or not, most successful managers and extensions ts view crop 
production of an integrated system made up of the following management axe*B 
which each contain numerous options: «reo» 

I. CROPPING SYSTEMS: Ho* much of VII. WEEK CONTROL 

what to grow; type of rotation* 

VIII* PEST & D IS EAST CONTROL 

II* SOIL MANAGEMENT & LAND PREPARATION 

rrr «r A ™™/^, IX * OTHER PRE-HARVEST GROWING 

III. PLANTING/TRANSPLANTING PRACTICES 

IV* FERTILIZER USE X* HARVESTING 

V* LIMING XI* DRYING AND STORAGE 

VI. USING WATER EFFICIENTLY XII. MARKETING 

NOTE: These management areas are presented in detail at the end of 
this section. 

The "Package of Practices " Approach to Crop Management 

In most cases, low crop yields are caused by several major limiting 
factors present simultaneously, rather than by one single obstacle. When 
farmers implement a locally adapted "package" of practices designed to over- 
come these mutliple yield barriers, the results are usually much more im- 
pressive than those obtained by concentrating on only one barrier. Some 
examples: 

1. In a trial in India, a hybrid maize variety yielded only slightly 
more than a native variety when both were grown under traditional- 
methods (2000 kg/ha vs. 1800 kg/ha). However, the same hybrid 
yielded 8000 kg/ha compared to 2000 kg/ha for the native variety 
when both were grown under improved practices (fertilizer use, 
insect control, proper plant spacing and population). 

2. Results from a trial conducted with wheat in Mexico: 

Treatment Yield Increase 

Irrigation 135% 
Fertilizer 5Z 
Irrigation + Fertilizer 700Z 

A typical crop "package" consists of a combination of several locally 
Proven new practices which are also tested in their combined form. Few 
packages are readily transferable without local testing and modification to 
suit conditions. Most packages consist of several of the following prac- 
tices: an improved variety » fertilizer use , changes in plant population and 
spacing, improved control of weeds-pests-diseases , and improvements in land 
preparation , water management, harvest , and storage . 

It's importa nt to realize that a package doesn't always have to involve 
considera ble use of purchased inputs. In fact, extension efforts can often 
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effectively focus initially on improving basic management practices and 
skills that require little or no investment (i.e. timeliness , weeding , land 
p reparation! seed selection, changes in plant population and spacing , etc.). 
This helps assure that small farmers benefit at least as much as larger 
ones, especially in regions where ag credit is deficient. 
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A GUIDE TO CROP PRODUCTION MANAGEMENT FACTORS 



I. CROPPING SYSTEMS 

A. How much of what to grow. 

B. xntercropplnp (several crops at once) vs. tnonocropplng : monoculture 
(same crop year after year) vs. crop rotation ~ 

II* SOIL MANAGEMENT AND LAND PREPARATION 

A * Soil conservation practices to lessen soil erosion losses on slop- 
ing fields. * 

B ' .^proving so ii physica l limitations ; texture, tilth, depth, drain- 
age. 

c * Choice of seedbed type ; raised, flat, sunken. 

D. Seedbed fineness required for the particular crop. 

E. Handling of previous crop's residues . 

F. Tillage vs. no-tilla^e 

G. Depth of tillage 

H. Choice of equipment or implements . 
Ill* PLANTING/TRANSPLANTING 

A. Direct seeding vs. transplanting * 

B. Direct seeding (field crops, some vegies) 

1. Date of planting and its correlation with rainfall and tempera- 
ture cycles. 

2 * Choice of crop variety ; native vs. improved vs. hybrid plus 
choices within each of these groups. 

3. Seed quality , purity , and germination . 

*• Depth of planting: small vs. large seeds, soil texture, mois- 
ture. 

5. Plant spacing: in the row, between rows; broadcasting vs. row 
planting; "hill" vs. "drill" planting. 

6. Plant population (density). 

7 * Planting method : hand vs. mechanical. 

34 
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C. Transplanting 

!• Size and age of transplant. 

2. Container-grown vs . bare-rooting vs . blocking . 

3. "Hardening" . 

4. Depth of setting. 

5. Shading . 

IV. FERTILIZER USE 

A. Organic vs. chemical fertilizer; use of green manure crops. 

B. Determining fertilizer needs : soil sampling for soil^lab tests, 
diagnosing hunger signs, field trials, "guesstimates". 

C. Kind and amount of fertilizer: chemical,- compost, manure. 

D. Timing of applications: pre-plant, at planting, sidedressing. 

E. Placement 

1. Broadcast vs. localized placement (band, hole, half-circle). 

2. Distance *rom the seeds or plants. 

3. Special placement considerations for furrow irrigated soils, 
foliar applications. 

V. LIMING 

A. Deciding if liming is needed. 

B. Kind, amount, application method and placement, timing «> 

VI. USING WATER EFFICIENTLY 
A. Rainfed Crops 

1 # Choice of variety (drought resistance, length of growing 
period). 

2. Plant population (especially important with cereal grains in 
marginal rainfall areas). 

3. Timing of planting . 

4. Mulching . 

5. Weed control. 
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6. Fertilizer use , 

7# Soil cons ervation to lower runoff losses. 
B. Irrigated Crops 

1# Irrigatio n method ; he A watering, irface (furrow or flood- 
ing), sprinkler, etc. 

2. Timing , amount , and frequency. 

VII. WEED CONTROL 

A. Method: Burning, mulching, hand implements, mechanical, herbi- 
cides. 

B. Thoroughness . 

C. Timeliness. 

1 X 

D * Avoiding crop Injury : root pruning, herbicide toxicity, herbicide 
residues. 

VIII. PEST AND DISEASE CONTROL 

A. Birds (seed eating, seedling injury, grain eating): seed treat- 
ment, scaring (people, string-flagging, etc.). 

B. Rodents (field): traps, baits, seed treatment. 

C. Insects , slugs , snails 
1« Non-chemical controls 

a. Crop rotation. 

b. Resistant varieties. 

c. Intercropping. 

d. Biological controls: bacillus thuringiensis , predator in- 
sects, etc. 

e. "Organic" controls: collars, "organic" sprays, stale beer 
for slugs, etc. 

f. Trap (barrier) crops. 
2. Chemical controls 

a. Deciding when to use insecticides. 

Choice of insecticide : toxicity to humans and the environ- 
ment, systemic vs. non-systemic 
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c. Type of formulation : spray, dust, granules, baits. 

d. Application dosage , frequency , and timing . 

e. Coverage required , use of sticker-spreader. 
D. Diseases 

1. Non-chemical controls : resistant varieties, crop rotation, 
sanitation, roguing, improving drainage, intercropping, weed 
control, control of insect vectors, use of disease-free seed., 
timing and frequency of watering, sterilizing nursery seedbed 
soil with heat or boiling water. 

2. Chemical controls : seed treatment with a fungicide, fungicide 
drench, chemical nursery seedbed sterilization, foliar fungi-' 
cides, systemic vs. non-systemic fungicides. 

£• Nematodes 



1. Non-chemical controls. : Resistant varieties, crop rotation, 
flooding, sugar, plowing up crop roots, antagonistic plants. 

2 . Chemical controls : Namat o ci des . 

IX. OTHER PRE-HARVEST GROWING PRACTICES, etc . 

A. Thinning of direct seeded vegies. 

B. Pruning , staking , trellising . 

C Hllling-up of certain field crops like maize, beans, etc. 
D. Equipment management; maintenance, adjustment. 

X. HARVESTING 

A. Determining maturity : especially important with vegies and pea- 
nuts. 

3. Interval between maturity and actual harvest: farmers may allow 
field crops to dry down in the field before harvest, but losses to 
weevils, birds, rodents, and rots may be serious in some cases. 

C. Harvest method . 

XI. DRYING AND STORAGE 

A. Drying (cereal and pulse crops): in the field vs. patio vs. crib 
vs. artificial methods. 

B. Storage (cereal and pulse crops). 
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Form : threshed vs. unthreshed (or ear vs. shelled mai2e). 



2. Type of container : sacks, gourds, clay pots, baskets, silos & 
bins, cribs, airtight containers. 

3. Moisture requirements for safe storage and thei^ measurement. 

4. Controlling storage insects 

a. Pre-storage mgt : drying and cleaning of grain, cleaning & 
repair of facility, spraying or dusting of facility, disin- 
fection of sacks. 

b. In-storage. mgt ; sunning, smoking, mixing materials with the 
grain (veg. oil, ashes, etc.), airtight storage; use of in- 
secticide sprays, dusts, funigants. 

5. Controlling rodent losses ; rodent proofing, baits, traps. 



XII. MARKETING 

1. Market analysis and price monitoring. 
2# Crop quality control. 

3. Cooperative marketing. 

4. Contracts. 




A GUIDE TO TROUBLESHOOTING COMMON CROP PROBLEMS 



It takes a lot of practice and detective work to accurately trouble- 
shoot crop problems. Soae abnormalities like wilting or leaf yellowing can 
have numerous causes. 

gowto Troubleshoot; First, learn to distinguish normal from abnormal 
growth when you walk through a farmer's field. Keep a close watch for tell- 
tale trouble signs such as abnormal color , stunting , wilting , leafspots ' and 
signs of insect feeding. Make a thorough examination of affected plants, 
including the root system and the inside of the stem, unless the nrohlfim 
obvious. Obtain detailed information from the farmer coTcern^ £? £nage- 

H?.E? t J? > tH w ^ haVe 3 ° n the P roblfia < 1 -*- fertilizer 

and pesticide applications, name of crop variety, etc.). Note whether the 
problem occurs uniformly over the field or in £^s; this 2n proviL val- 

a^tte^L^^fiTd.^ 015 ^ 3 «* ^ 

Troubleshooting tools, etc. 

1. "A pocketknife for digging up seeds or slicing plant stems to check 
tor root and stem- rots or insect borers. 

2. A shovel or trowel for examining plant roots or checking for soil 
insects or adequate moisture. 

3. A pocket magnifying glass to facilitate Identification of insects 
and diseases. 

4 * A reliable soil pH test kit for checking both topsoil and sub-oil 
PH; especially useful in areas cf high soil acidity. Beware of 

Sf,o P S, tS ; e8 P eci ? n y th08e ^ing litmus paper. The Hellige 
Truog kit is one of the best and costs about $15 (U.C.). 

5 * . Dts ease, insect, and hu nger signs guides : Refer to the Bibli- 
ography an the end of the Crops Guidelines. 
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TROUBLESHOOTING nmnv 



CROP APPEARANCE 



POOR SEEDLING 
EMERGENCE 
(Carefully uig up 
a section of row and 
look for the seeds) 



WILTING 

(Pull up a few plants 
carefully using a 
shovel or trowel and 
examine the root; 
check stem for borers 
or rotted or dis- 
colored tissue.) 



PROBABL E CAUSES 

Low genainatlon seed 

Planting too deep or too shallow 

Soil crusting or overly cloddy soil 

Lack of moisture 

Clogged planter 

Seeds washed out by heavy rain 

Fertilizer "burn" 

Pre-emergence damping off disease 

Birds, rodents 



Actual lack of moisture due to drought or poor 

L r frl q a uentl^ agement t0 ° Ughtly 0r t0 ° 

Diseases (bacterial or fungal wilts; certain types 
of root and stem rots). F 
Very high temperatures, especially if combined 
with dry, windy conditions. 
Root feeding insects 
Stem borers 
Weed competition 

Root pruning by hoe or cultivator 
Nematodes (especially if confined no patches and 
when plants wilt despite having suf f iSent water) . 
St-am breakage or linking 



LEAF ROLLING 
OR CURLING 



Lack of moisture (maize, sorghum, millet) 
Virus 

Sucking insects feeding on stem or leaves 
Boron, calciuiu deficiency fbeans only) 
Verticillium wilt (peanuts) 



LFAF CRINKLING, 
PUCKERING 



LEAF "BUKNING" 
OR BROWNING 



Vir" 8 ' leafhoppers feedin S °n leaves or stems 



Drought 

Excessive heat 
Fertilizer burn 
Insecticide burn 

Dipterex, Azodrin (Nuvacron), or methyl parathion 

Injury on sorghum 

Herbicide damage 

Nutrient deficiency 

Aluminum, iron, or manganese toxicity 
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Troubleshooting Guide (cont*d) 



CROP APPEARANCE 



PROBABLE CAUSES 

due to excessive acidity (below pH 5.5). 
Salinity or sodium problems (confined largely to 
low rainfall areas, especially if irrigated.) 
Boron toxicity from irrigation water (low rainfall 
areas) or improper placement of fertilizer boron. 



LEGGY, SPINDLY 
PLANTS 



Lack of sunlight caused by overcrowding or long 
periods of heavy cloudiness. 



HOLES IN LEAVES 



Caterpillars 
Beetles 
Earwigs 
Crickets 

Snails, slugs, especially on beans (check for 
slime trails) 

Breakdown of dead tissue due to fungal or 
bacterial leafspots 



SPOTS ON LEAVES 



Fungal or bacterial leafspots 
Virus 

Sucking insects 

Spilling of fertilizer on leaves 
Herbicide spray drift, especially 
paraquat (Gramoxone) 
Sunscald (beans) 



LEAF MALFORMATION 
WITH STEM CURVING & 
TWISTING (Broadleaf 
plants only) 



2, 4-D type herbicide damage due to spray drift or 
a contaminated sprayer (broadleaf crops only). 



LEAF MOTTLING, LEAF 
MALFORMATL , PLANT 
MALFORMATION 



Virus 



LEAF STRIPING 



Nutrient deficiency 

Virus 

Genetic 



ER?C 
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Troubleshooting Guide (cont'd) 



CROP APPEARANCE 



PROBABLE CAUSES 



YELLOWING, STUNTING 



OVERNIGHT* DEFOLIA- 
TION OP PLANTS 



Nutrient deficiency 
Poor drainage 
Nematodes 

Low pH (excessive acidity) 

Root rot, stem rot, Misc. diseases 



Leaf cutter ants, grazing animals 



PLANTS CUT OFF AT 
OR NEAR GROUND LEVEL 



Cutworms 
Mole Crickets 



TWISTING TUNNELS 
IN LEAVES 



Leaf miners 



YOUNG SEEDLINGS COL- 
LAPSE NEAR GROUND 
LEVEL AND DIE 



Fungal seeding blights, damping off, Heat girdling 
of stem (beans) 





Too dry or too wet 




Too hot or too cold 




Insects , diseases 




Weeds 




Unadapted variety 




Low pH 




Salinity-alkalinity problems 




Ovrcrowding 


POOR GROWTH, 


Shallow soil 


LACK CR VIGOR 


Soil compaction, hardpan 
Poor drainage 
Nutrient deficiency 
Faulty fertilizer practices 
Nematodes 

Excessive cloudiness 
Herbicide carryover 
Overall poor management 
Damaged seed (beans) 


LODGING OR STALK 


Overcrowding 


BREAKAGE (Maize, 


Stalk rots 


Sorghum* Millet) 


Root worms 
High wind 
K deficiency 



ERIC 



- 161 - 



42 



Troubleshooting Guide (cont'd) 



CROP APPEARANCE 

POOR NODULATION ON 
PEANUTS, COWPEAS, SOY- 
BEANS,, OTHER LEGUMES 
THAT ARE EFFICIENT 
FIXERS (Carefully dig 
tip the root system and 
check for nodulation;' 
clusters of fleshy nod- 
ules, especially on the 
taproot, and with red- 
dish interiors are signs 
of good nodulation* 
Do^t confuse nodules 
with nematode galls!) 



PROBABLE CAUSES 

Soil lacks the correct type of Rhizobia; seed 
innoculation is needed* Improper innoculation: 
wrong strain, innoculant too old or improperly 
stored* 

Exposure of innoculated seed to excessive sunlight 
or contact with fertilizer or certain seed 
treatment fungicides. 

Excessive acidity (soybeans are especially 
susceptible to Molybdenum deficiency). 
Plants are too young (it takes 2-4 weeks after 
plant emergence for the nodules to become 
visible). 



ERJC 
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GUIDELINES FOR VEGETABLE GROWING 



CONTENTS; Rooting depth of vegetables 
Vegetable planning chart 

Heat tolerance of vegetables, frost tolerance 

Vegetable families 

Nutritional value of vegetables 

Calculating how ouch seed to buy 

A sample seed calculation problem 

Selecting the right vegetable and variety 

Storing seed and testing germination 

Choosing a garden location 

Using the rigfct seedbed type 

Plant spacing and row spacing considerations 

Intercropping 

Succession planting 

Watering: How Much, How Oftei.? 

Growing transplants in a nursery seedbed, damping-off 
Tips on transplanting 
When to harvest vegetables 
Guidelines for individual vegetables 



Rooting Depth of Vegetables When 
There's No Barrier to Their Penetration *>2 



Shallow 
(45-60 c\ 

Broccoli 

Brussels sprouts 

Cabbage 

Collards 

Cauliflower 

Celery 

Chinese Cabbage 

Corn, sweet 

Garlic 

Lrttuce 

Onion 

Parsley 

Potato 

Radish 

Spinach 



Moderately Deep 
(90-120 cm) 

Beans 

Beet 

Carrot 

Chard, Swiss 

Cucumber 

Eggplant 

Muskmelon 

Mustard 

Pea (English) 

Peppen; 

Squash, summer 
Turnip 



Deep 

(More than 120cm) 

Asparagus 
Beans , lima 
Corn, field 
Parsnip 
Pumpkin 

Squash, winter 
Sweetpotato 
■ Tomato 
Watermelon 



1. Adapted from Handbook for Vegetable Growers , J< Knott, John Wiley & 
Sons, NY, 1962. 

2# Soil compaction , hardpans » subsoil dryness , poor drainage , and exces 
sive subsoil acidity can all reduce usable soil depth. 




VEGETABLE PRODUCTION PLANNING CHART 
PLANT SPACING * 



CROPS 

BEANS, BUSH GREEN 
BEET 
BROCCOLI 
CHINESE CABBAGE 
CABBAGE 
CARROT 
CHARD,- SWISS 
COLLARDS 
CORN, SWEET 
CUCUMBER5 
EGGPLANT 
LETTUCE, HEAD 
LETTUCE, LEAF 
MUSTARD 
OKRA3 

ONION, BULB6 
ONION, GREEN 
PEPPERS 
RADISH 
SPINACH 
N.Z. SPINACH3 
SQUASH, SUMMER 
(BUSH) 

SQUASH, WINTER 
(VINING) 
TOMATO* 
TURNIP 
WATERMELON 
COWPEAS 



In Row Betw. Rows 

5^ 10cm 40-60- cm 

5-8cm 30-60cm 

30-4 5cm 4 5-7 5cm 

25-30cm 30-60cm 

30-45cm 4 0-7 5cm 

5-8 cm 15-6 Ocm 

12-25 cm 3 0-6 Ocm 

35-4 5 cm 4 5-7 5cm 

25-30cm 7 5-90 cm 

30cm 90- 120cm 

45-60cm 60-90cm 

25-30cm 30-60cm 

10-15cm~ 20-45cm 

10-20cm 30-6 Ocm 

45-60cm 70-90cm 1 
5-8cm 15-6 Ocm 
3 -5 cm 15-6 Ocm 

40-6 Oca 60-75cm 
j cm 15-30cm 

5- 8 cm 15-30cm 
30-4 Ocm 4 5-6 Ocm 
80-90cm 90-120cm 
betw. hills 
90-120cm 150-180cm 

30-eOcia 7 5- 10 Ocm 

6- 12cm 30-60cm 
90-120cm(hills) 150cm 

6-10cm 50-60cm 



SEED 
DEPTH 



SEED 9 
SP5CTN~G 



2-5 cm 
0.5-1 cm 



0.5 
lcm 

0.5-lcm 
2.5-5cm 

1-1. 5em 
0.5-lcm 



5-^6 cm 
l-3cm 
T2 

1-3 cm 

T 

0.5cm 
l-3cm 
T 

12-15cm 

2/hole 
T 
T 

0.5cm 
1-3 cm 



0.5cm 
0.5-lcm 

.5-2. 5cm 10- 15cm 
0.5-lcm 0.5cm 



lcm 

0.5-lcR 

lcm 

2-3cm 

2-3cm 



T 

1.5-2cm 
1-3 cm 
5-lOcm 
6/hill 
(thin to 



DAYS TIL 4 
HARVEST 

42-56 
55-70 

65-85T 

75-85 

65-95T 

65-85 

55-65 

50-85T 

70-90 

50-65 
75-95T 

45-70T 

30-50 

40-50 

5C-70 1- 
90-120 1 
75-90 
60-90T 
23-30 
40-65 
65-75 
50-70 
3) 
70-100+ 



YIELD PER 8 
SQ. METER 

0.4-2kg 
3-6kg 

1- 2kg 

2- 6kg 
2-6kg 
1.5-5kg 

1- 2kg 

2- 6kg 

3- 4ears 

0.8-3. 2kg 

2-4kg 

5-9heads 

2-4kg 

2-6kg 
■3kg 
-5-6kg 

0.5-4kg 
1.5-4kg 
0.6-2. 8kg 



0.5-lcm T 55-SOT 

l-3cm 45-65 

1.5-2.5aa 6/hill 80-100 

2-4cm 5cm 65-80 




X. In-the-row spacings are final s pacings after thinning . Between row 

spacings vary greatly depending on seedbed style, variety size, and need 
for foot or equipment passage. 

2. T « commonly transplanted. 

3. Soak theae needs overnite to improve germination speed and rate. 

4. Time til harvest varies with variety and weather conditions. 

5. Refers to "drill" planting. Space "hills" 75-90 cm apart in the row, 
plant 6 seeds/hill, and thin to 3 plants. 

6. Bulb onions are usually grown from transplants or sets rather than 
direct seeding (except under very good management). 

7. Staked tomato plants can be spaced much closer together than unstaked 
ones. 

8. A vegetable's yield can vary greatly with growing conditions and manage- 
ment. A good yield in one area might be considered average or mediocre 
in another area. 

9. Some direct planted vegies like Chinese cabbage, okra, lettuce, swiss 
chard, and mustard can be cluster planted at 3 seeds/hole using the 
after-thinning spacing in Column 1. 
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HEAT TOLERANCE OF VEGETABLES 



Heat tolerance varies greatly among vegetables and also among varieties 
of a vegetable* It's an important consideration in garden planning* It's 
impossible to give hard and fast maximum temperature tolerances, since high 
daytime temperatures can be somewhat offset by low night temperatures. 
Here 9 8 a rough table: 

Monthly Average Vegetables Whose Yields 

of Daytime Highs Won't be Seriously Affected 

up to 95°F, 39°C Eggplant, Hot Pepper, Okra, Watermelon, 

Sweetpotato, Com, Cowpeas 

up to 90°F, 36°C Squash, Cucumber, Muskmelon, Pumpkin, 

Beans, Collards, Sweet Pepper, Lima Beans 
(vining types), N.Z. Spinach 

up to 85 °F, 33 °C Tomatoes, Radish, Bush Lima Beans, Cabbage 

(heat tolerant varieties), Chinese 
cabbage , Onion , Garlic , Leek 

up to 80°F, 30°C Mustard, Irish Potatoes, Carrots, Beets, 

Cabbage, Leaf Lettuce, Kale, Swiss chard 

up to 75°F, 27°C Broccoli, Spinach, Turnip, Brussels 

3prouts, Cauliflower, Celery 

Practices like mulching and partial shading may help offset thn effects 
of high heat* 



COLD TOLERANCE OF VEGETABLES 



Some vegetables (mainly tha heat tolerant ones) are very susceptible to 
frost and also have their growth checked by cool temperatures. Young plants 
are more susceptible to frost than older ones ; a few days of gradually cool- 
ing temperature* helps plants prepare for frost. 

Very hardy (survive down to 20°F I-7.5°Cj): Broccoli, Brussels sprouts, 
cabbage, chives, collards, garlic, kale, kohlrabi, leek, mustard, onion, 
parsley, peas, radish, rhubard, rutabaga, spinach, turnip. (Based on young 
plant 8) 

Half-hardy (young plants survive light frosts): Beet, carrot, cauliflower, 
celery, chard, Chinese cabbage, endive, lettuce, potato. 
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VEGETABLE FAMILIES 



Why It 1 8 Important 

1, Vegies of the saiue family share many of the same insects and 
diseases. You'll encourage a buildup by growing family relatives 
continually in the same section of the garden or field-especially 
true for the Crucifer and Solanaceous families. 

2. Family members also share many similar traits re characteristics 
and growing practices. The Crucifer family (cabbage, broccoli , 
etc.) prefer cool to semi-warm temperatures, and most'are shallow 
rooted. f 

CHENOPODIACEAE - Goosefoot Family 
Beet Swiss chard Spinach 

COMPOSITAE - Sunflower Family 
Lettuce Endive Artichoke 

CRUCIFERAE - Crucifer or Mustard Family 
Cabbage Broccoli Radish Rutabaga 

Collards Brussels sprouts Mustard Watercress 
Cauliflower Kale Turnip Horseradish 

Kohl- abi 

CUCURBITACEAE - Cucurbit or Gourd Family 
Squash Watermelon Chayote 

Pumpkin Cucumber Melons 

LEGUMINOSAE - Legume or Pulse Family 
L'eas Liiux beans Soybeans 

Beans Cowpeas Peanuts 

LILIACEAE - Lily Family 
Asparagus Onion Leek 

Garlic Shallot Chive 

SOLANACEAE - Nightshade or Solanaceous Family 
Potato Pepper 
Eggplant Tomato 

UMBELLIFERAE - Parsley Family 
Carrot Parsley Celery Parsnip 

MALVACEAE - Mallow Family 
Okra Cotton 
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NUTRITIONAL VALUE OF VEGETABLES 



Vegetables make several important contributions to tropical diets: 

a) They enrich the diet with nutrients, particularly vitamins and 
minerals • 

b) They render the staple, food more palatable and hence improve the 
intake. 

c) They, improve digestion because of * their high fiber content. 

The addition of vitamins, minerals, and other nutrients to the diet is 
the roost important factor. In fact, in many countries, vegetables (and 
fruits) may be the only significant sources of vitamins A, C, folacih (a B 
vitamin), and of the mineral iron. 

Of the vitamins, carotene (vitamin A) and vitamin C are the most impor- 
tant. Carotene is deficient nearly everywhere in the tropics, with the ex- 
ception of West Africa where red palm oil is used in food preparation. The 
low intake of fat hampers the absorption of carotene in the body. Vitamin C 
is less abundant in cereal than in tuber-consuming regions. 

Vegies whose edible parts are deep green, deep yellow, or deep orange 
are good sources of vitamin A, but there's little correlation between color 
and vitamin C content. In leafy vegies, a deep green leaf color (and there- 
fore high vitamin A) is highly correlated with leaf exposure to sunlight. 
That's why cabbage and head lettuce are much lower in vitamin A than their 
open leaved relatives col lards and leaf lettuce. 

One feature of vitamin A is that it is fat-soluble and can be stored 
for up to a year in the body's fat tissues. This is especially significant 
in light of the seasonality of vegetable availability in many countries. A 
person in good health can consume all of his/her yearly vitamin A require- 
ment in one season, and draw on the stored reserves during seasons when ' 
vitamin A- carrying produce is in short supply. 

In contrast, vitamin C is water soluble (stored in body fluids); the 
latest research iiidicates that vitamin C intakes above 100 mg/day are prob- 
ably excreted from the body. 1 This suggests that regular, daily intakes 
of vitamin C are important in maintaining good nutrition. Vitamin C availa- 
bility in vegetables is further complicated by the fact that it is found 
only in growing plants (not seeds or grains) and that it is destroyed by 
high temperatures and exposure to oxygen. Therefore, cooking vegetables in 
water for long periods of, time effectively robs that food of its vitamin C. 

In general, the prote.in content of vegetables is considered to be rela- 
tively unimportant. Some greens like spinach and cassava leaves contain 



1 # E. Whitney and E. Hamilton, U nderstanding Nutrition , 2nd edition; West 
Publishing; Minnesota 1981, p*. 368. 
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over 25 percent protein on a dry weight basis , but because they are usually 
consumed fresh ^containing up to 90% water); the bulk of greens which would 
have to be* consumed in* order to meet one's daily protein requirement is a 
major limiting factor. However, it f s likely that many of the local varie- 
ties of greens commonly eaten in the tropics are more important sources of 
protein in those areas than they are given credit for by nutritionists in 
the developed* cotm tries . 

The fibre content of vegetables is less important in the tropics than 
it is in developed countries, due to the generally coarser nature of pre- 
pared food in the tropics • In this context, it should be noted that a high 
intake of fibre effectively prevents constipation and digestive problems. 

The important minerals, calcium and iron, are often lacking in diets in 
the tr picsi Calcium deficiency may occur more frequently if the basic food 
consists mainly of cereals. A high iron intake is important since anemia 
caused by malaria, bilharzia, and intestinary parasites occurs very fre- 
quently. Pulses such as cowpea are rich in calcium and iron. 

The nutrient content of some vegetables compared with that of cereals, 
tubers, and pulses is presented in the following tables, "Nutrient Composi- 
tion of Some Vegetables" and "Vitamin Value of Selected Vegetables." 
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Table 1. Nutrient Composition of gome Vegetable*, Compared with Pulaea aid Starchy Foodfl 



Type of Produce 




dry 




pro- 








VI t. A 


thia- 


ribo- 






waste 


matter 


energy 


tein 


fibre 


Ca 


Iron 


value 


mine 


flavin 


niacin 


vlt. C 




Z 




Kcal 


a 




■8 


Of? 


I.U. 


■R 


ng 


•ff 


a R. 


frult-vegecablea 


























toaato 


6 


6.2 


20 


1.2 


0.7 


7 


0 6 


900 


0.06 


0.04 


0.6 


23 


eggplant 


4 


8.0 


26 


1.6 


1.0 


22 


0.9 


* 


0.08 . 


0.07 


0.7 


6 


aweet peppers (green) 


13 


8.0 


26 


1.3 


1.4 


12 


0.9 


630 


0.07 


0.08 


0.8 


103 


pepper, hot (dry) 


13 


34.6 


116 


6.3 


15.0 


86 


3.6 


20,000 


0.37 


0.51 


2.5 


96 


okra 


10 


10.4 


31 


1.8 


0.9 


90 


1.0 




0.07 


0.08 


0.8 


13 


cucumber 


20 


3.8 


12 


0.6 


0.5 


21 


0.4 


* 


0.03 


0.04 


0.2 


11 


pumpkin 


17 


8.1 


27 


0.7 


0.8 


24 


0.7 


3,400 


0.03 


0.04 


0.5 


14 


watermelon 


37 


6.8 


21 


0.6 


0.2 


8 


0.2 


30 


0.03 


0.03 


0.2 


6 


bitter gourd 


20 


6.0 


19 


0.8 


1.0 


26 


2.3 




0.06 


0.04 


0.3 


57 


carrots 


10 


10.0 


33 


1.0 


0.8 


40 


0.7 


12,000 


0.05 


0.05 


0.5 


6 


beans (freah, green) 


55 


30.0 


104 


7.0 


2.5 


40 


2.0 


150 


0.03 


0.15 


1.5 


25 



amaranth 


40 


10.7 


26 


3.6 


1.3 


154 


2.9 


kangkong 


28 


10.0 


30 


2.7 


1.1 


60 


2.5 


Chinese cabbage 


14 


5.8 


17 


1.7 


0.7 


102 


2.6 


leaf type lettuce 


26 


6.4 


20* 


1.4 


0.6 


56 


2.1 


white cabbage 


15 


7.0 


22 


1.6 


0.8 


55 


0.8 


cassava leaves 


13 


19.0 


60 


6.9 


2.1 


144 


2.8 



3,000 

30 
300 
30 
3,000 



0.04 
0.09 
0.07 
0.06 
0.06 
0.16 



0.22 
0*16 
0.S3 
0.12 
0.06 
0 



leguminous vegetables 

hyacinth bean (dry) ' 0 

lima bean (fresh) 43 

aung bean (aprouted) 7 

aprouta, bulboi tubers, etc. 

onion (dry) 6 

bamboo shoots 44 

imiahronm 9 

taro (as vegetable) 16 

tftarch/ baalc food 



* Contalna too snail a quantity to be significant In dietary evaluations. 
— Not aviMaM*. 
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0.7 
1.1 
0.8 
0.5 
0.3 
1.8 



23 
47 
53 
17 
46 
82 



87.9 


334 


21.5 


6.8 


98 


3.3 


0 


0.40 


0.12 


■ 1.8 


0 


31.5 


119 


8.4 


1.0 


25 


2.2 


0.1 


0.16 


0.16 


1.5 


30 


9.9 


30 


4.2 


0.9 


15 


1.2 


0 


0.11 


0.10 


0.8 


18 


11.4 


38 


1.6 


0.7 


30 


1.0 


0 


0,0* 


0.04 


0.2 


9 


9.0 


28 


2.5 


1.2 


17 


0.9 


0 


0.11 


0.09 


0.6 


9 


11.3 


37 


2.7 


0.9 


8 


1.0 


0 


0.10 


0.42 


4.8 


3 


24.6 


94 


2.2 


0.8 


34 


1*2 


0 


0«!2 


0.04 


1.0 


6 



maize 




88 


362 


9.5 


i:s 


12 


2.5 


0 


0.35 


0.13 


2*0 


0 


rice 




88 


354 


8.0 


0.5 


10 


2.0 


0 


0*25 


0.05 


2.0 


0 


caasava 




40 


153 


0.7 


1.0 


25 


1.0 


0 


0.07 


0.03 


0.7 


30 


aweet potato 




30 


114 


1.5 


1.0 


25 


1.0 


0.06 


0*10 


0.04 


0.7 


30 


pulsea 


























groundnut (dty) 


30 


92 


579 


27.0 


3.0 


50 


2.5 


a 


0.9 


0.15 


17.0 


* 


groundnut (fresh) 


35 


55 


332 


15.0 


• 1.5 


30 


1.5 


* 


0.5 


0.10 


10.0 


10 


cowpea 




90 


340 


22.0 


4.0 


90 


5.0 


0.01 


0.9 


0.15 


2.0 


0 



g 



CI 




o 




0 


rr 


d 


1 


* 


H* 




ft 


a> 




a 


rt 


SL 


O 






rr 


§ 


sr 






o 




00 


c 


H» 


H 


rr 


CO 


H* 


ft 


O 


CO 


0 




O 




H> 


a 






t/> 


C/) 


O 


rr 




pa 


§ 


n 




o 


< 


sr 






W 






rr 


o 




o 


a* 


a 




CO 






CO 



ERIC 



Table 2. VITAMIN VALUE OF SELECTED VEGETABLES 1 



Nutritional Group 



HIGH IN BOTH 
VITAMINS A & C 



HIGH IN VITAMIN A 



HIGH IN VITAMIN C 



LESS NUTRITIOUS 



Vegetables 


Vitamin A 2 


Vitamin C 3 


Caloric 


(I.U.) 


(tng.) 




Parsley 


8500 


172 

4k 9 mm 


4A 


Spinach 


8100 


28 


23 


Col lards 


7800 


76 


33 


Turn Id ptaphq 


6300 


69 


20 

X \J 


Mustard greens 


5800 


48 


23 

x«/ 


CatitalouDe 


3400 


22 


30 




2500 

4m. J \J \J 


90 

mf\J 


26 
xu 




21 600 




65 


CflTrots^ mu 

tvWO , LOW 


11,000 


8 


42 

**X 


l»ttL L ULo , CUUKcQ 

Cr*A f* i^k r\ f* a o a 
OWccUpOUaLUco 


in snn 


O 


0 1 


01 uu 


99 

XX 




OnXOO LltaLU 


5400 

«^*T \J\J 


16 


1 R 






*?x 


36 


Ho o t* crr*o one 
Dccl glccUo 




1 3 


1 o 






AO 


1ft 


Peppers, green 


550 


120 


22 

X X 


Cauliflower 


60 


55 


22 

X X 


CMnese cabbage 


150 


25 

4m J 


14 


Cabbage 


130 


33 


33 


Radish roots 


320 


26 


17 


Tomatoes , ripe , 


raw 900 


23 


22 


Green beans 


5A0 


12 


25 


Head lettuce 


330 


6 


13 


Okra 


A90 


20 


29 


Sweet corn (yellow) 400 


9 


91 


Onions (bulb) 


AO 


10 


38 


Cowpeas 


350 


17 


108 


Baked potato with 


skin trace 


20 


93 


Beet roots 


20 


6 


33 


Cucumbers 


250 


11 


15 


Eggplant 


10 


3 


19 


Turnip roots 


trace 


22 


23 


Watermelon 


270 


3 


12 



1. Per 100 gram portion (3*5 oz.) of cooked vegetable unless normally eaten 
raw. 

2. Daily vitamin A requirements are about 5000 I.U. for active men ani 4000 
for active women. 

3. Daily vitamin C requirement is about 45 mg. for both. 

4« Calorie requirement is about 2700/day for men and 2000 for women and up to 
50% more if very active. 
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CALCULATING HOW MUCH SEED TO BUY 




Most commercial seed is sold by weight, not by number of eaeds. 
Imported commercial vegetable seed usualy comes in 1 lb. cans and is then 
sold by the ounce or gram to scrall farmers. Buying seed by the packet is 
much more expensive, and it usually hasn f t been treated with a fungicide. 

To find out how many ounces or grams of seed to buy, first calculate 
the approximate number of seeds needed given the seeding rate and row spa( 
ing to be used. Then convert seed number to weight needed by using the 
i table below. 

Number of Seeds per Ounce and Per Gram 



Seeds/oz." Seeds/gram 

Bean 100 3-4 

Pest 1600 55 

Broccoli 9000 320 

Cabbage 8500 300 

Carrot 23000 800 

Cauliflower 10000 350 

Chard, Swiss 1200 40 

Chinese cabbage 8500 300 

Collards 8000 280 

Corn, sweet 100-200 4-8 

Corn, field 50-80 2-3 

"\ Cowpea 125 4-5 

Cucumber 1000 35 

Eggplant 6000 210 

Lettuce 25 0 0 0 8 80 

i Mustard 15000 525 

N.Z. spinach 350 12 

Okra 500 17 

Onion 9500 330 

Pepper 4500 160 

Radish 2000 70 

Spinach 2300 100 

Squash, bush 300 10 

Squash, vining 100 4 

Tomato 11000 390 

Turnip 13000 450 

Watermelon 225-300 8-10 



L 



NOTE ; The number of seeds will also vary a bit with the variety, 

FIELD CROPS 
Seeds/lb. Seeds /kg 

Maize 800-1300 1750-2850 

~ Sorghunrl2Q00-20000* *~26, 000^4 ;0O0 

Peanuts 500-700 1000-1550 
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A Sample Seed Calculation Problem 



Determine the dimensions of the piot where the crop will be planted. 

For example, suppose you wanted to plan a 1 x 6 meter seedbed to 
onlnese cabbage. 

Determine your between-row spacing (i.e. the row width). 

a. Use a planting chart such as the one o n p. 41 of the "Crops Guide- 
lines". 

b. Or use common sense or experience (see p. 58). 
How many rows will fit across your plot? 

For example, suppose you settle on a row spacing of 40 cm for the 
Chinese cabbage with the rows running the short way across the 1 x 
6 m bed. You'd end up with about 15 rows: 



6 meters 



15 rows 



1 M 



0.4 meters 
1 row every 40 cms. for 6 meters; 
— r 



1 — r 

! ' 1 

* 1 1 

* ? 1 
21 ! | 

! ! I 



T 



1 1 

1 1 
i 1 1 

ill 



i 



i i I i 

! ' 1 

i ! i ' 



in 

H 



i 



6 M 



Determine your final in-row plant spacing (what it would be after thin- 
ning). Consider the following: 

a. The chart on p. 41. 

b. Vegetable type and variety (head lettuce needs more room than leaf 
lettuce; okra needs much more space than radishes). 

c * Growing conditions: Are conditions (climate, etc.) ideal for opti- 
mum growth and size? 

How many plants at fin«C spacing will fit into one of your rows? 

jfo-_g*g!??Ple» suppos e you decide on a 3 0 cm f inal spacing for the 

Chinese cabbage. You would have 4 plants per "i "meter "of Tow" atTthe" 



final spacing: 
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30cm 

30cm 
30cm 



4 « Determine the amount of OW mi. 

seedling survivability! «l°n rate of the seed, and 

any over the flrst u % * titaS.'SS 

Weaker seeds end seedlings lite caTrol ° °f * Ve the flnal «™d. 
wed more overplaying then stronger »i and a" 1 "™ 

Chinese cabbage. B ""eager ones like radish, splnsch, end 

f S ^^rdin*ess^^"^ n se e edl 0 i nly ^ «•«-••» due 
<>" veggies. ^Sd^^S Sell ™ ^ 

— Note on ^.e Mnn Rates- 

^^^^l^Jny °°t J U \ ty 86ed Sh0uld ^ a ger- 

was.:—' - ^--'SJSawKy: ri- 
r--*; sis--* - 

In our example, it Would work ou£ ^ thisj 

15 rows x A plants/row x « 

/row x 4 fold overplaying * 24 0 seeds 

f r Purchasing seedTTmrirTfTaTrw r 

in case you need t-r> a J ' 25Z than you think vn ,. u ni — j 

' neea to do some replanting,, PK - vou wilJ - need 
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7 * ^n^' ; Ct " al S6e f g P acln * ln the row » given the amount of over- 

£? t!L a ?H ^ ^ U ^ " clu8terM Planting the seed or "drill- 
Ing them (dribbling them out). 

In our example, suppose we will cluster plant t\r Chinese cabbage. 

StV-^SS k f SV^ Unt 4 8eed8 - - oup ith *• 

e.eTy 7?5 Cl S t0 " dri11 " Plant 86edS ln8tead « we ' d P*»t one seed 

30 cm final spacing « 7.5 m between seeds 
4 fold overplanting 



C 
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SELECTING THE RIGHT TYPE Attn VARIETY OF VEGETABLE 
I. VEGETABLE TYPE 

ects.' Uf. loo* at 1 ^"n^:* * by £ir " era « " too1 •«*• 
1# Cliaiate 

the fLllmtv^of^n^r"' area ' 6 -Ovation will i^ly deteroine 

5^?a^ t ^^/ i<,,ific^ ^ t ^BLa^s: s^ssf 

son vegS ^osSe^rLSrr" 126 ^ °° ~* ^ 

SinfaU and" ^7^ : » isea8es are generally more prevalent under high 
toef ^? h ^dity, but some crops may suffer more than others. ToL- 
toes, eggplant, peppers, cucumbers, and melons are among the more sensi- 

2» Marketing Factors 

but iffr^lr ^ 1 determined ^ ««PPly ^d demand influences crop choice- 
but in a rather haphazard manner. Farmers often tend to get locked into a 

TtZlTes^T. *** ^ th6ir fleXibili ^ — ^ugh^re^lTcrop 

to mo ^^ gi r "I hlghly P 61 ^ 8 ^ 16 limits their transportability 

base L^o t r>T, rket:S Unl6S8 refri S erati °* is availably others like cab- 
bage, carrots, beets, sveetpotatoes , and other root crops store and ship 

fore U e m LrS^ r ' nCe ** * consid "ation and must be determined be- 

fore embarking on a vegetable that is new to an area. 

3. Soil Conditions 

y jjgg- y bleB E g Wel1 on a wXde va rl£t y <* soils as long as drain- 

soils since high clay content may hinder root or tuber growth as well as 
harvest operations . 
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4* Management and Capital Requirements j Labor 



Crops like radishes, beans, mustard, beets, and squash require less 
management ability and capital input (especially for fungicides and insecti- 
cides) than tomatoes, broccoli, peppers, eggplant, potatoes, and cauli- 
flower* 

5. Nutritional Value and Consumer Acceptance 

Commercial farmers rarely consider this a factor, but it's important 
for home and school garden projects* Look at the table on page 47, and 
you'll see that vegies vary markedly in their vitamin content* Eggplant, 
cucumber, onion bulbs, and beet roots are notably low in food value, while 
carrots, collards, mustard, and broccoli are excellent* Note that vitamin 
content (especially vitamin A) is closely correlated with leaf exposure to 
sunlight in the case of leafy vegies* That's why open leaf collards have 
about 60 times more vitamin A than their tight headed relative, cabbage* Of 
course, taste acceptance by the family or school kids is essential* Turnip 
and radish greens (high in vitamins) are much more palatable if disguised in 
a stew or mixed with other vegies* 

II* THE RIGHT VARIETY 

Successful vegetable production starts with the selection of a suitable 
adapted variety* The yield difference between an adapted variety and one 
that isn't can easily make the difference between profit and loss* One com- 
mon mistake PC has made in some countries is to recommend that FCV f s bring 
seeds with them from the states without stating which varieties of a vege- 
table they should buy*l 

Vegetable varieties vary considerably in the following characteris- 
tics: 

1* Time to Maturity ; Varieties are classed as aarly , medium, and 
late* Although early varieties reach harvest sooner, yields tend 
to be lower than with longer duration varieties- However, they may 
be advantageous in terms of hitting the early market, avoiding 
disease buildup, and enabling more crops to be grown in the same 
field. 

2* Resistance to disease, nematodes, and physiologic disorders : Re- 
sistance to these problems varies J lot with the variety and is a 
very important consideration in selection* For example, the tomato 
hybrid Better Boy VFN is resistant to Fusarium and Verticillium 
wilts as well as nematodes* The Walter tomato variety is resistant 
to Fusarium wilt, gray leaf spot, and radial fruit cracking (a phy- 
siologic disorder)* 



•in — The Mini stry of Ag r icultu r e in your ho s t country ^shou ld b e ab le— to— pro— 
vide a list of recommended vegetable varieties for different regions of 
^j&e country* 




3. Color, shape, size, qual ity, storabilitv T vtr.: Variations are 
numerous. Market considerations have a lot to do with the choice 

4 * .Heat or cold tolerance; In most PC countries, heat tolerance is an 
important factor, and there is some variation among varieties, 
especially among the less heat tolerant vegies. The K-K and K-Y 
Cross cibbage hybrids ^ave been specially developed for the 
tropics 

5 * Growth habit and dura tion of harvest : Det . vs. indet . tomato vari- 
eties, bush vs. vining beans, etc. 

Hybrid vs. Open-pollinated Varities 

In horticulture, the word "variety" (or "cultivar") refers to an agri- 
culturally derived plant ''i.e. evolved by farmers or plant breeders). Vari- 
eties may be either open-pollinated or hybrids. 

An open-pollinated variety is oroduced through natural pollination 
which may be cross-polltnation (i.e. corn, cabbage family, beets) or self- 
pollination (tomato, beans, lettuce). 

A hybrid variety is produced through man-aided cross-pollination bet- 
ween two more more distinct varieties. This requires much more care and 
effort than that involved in produc'ng open-pollinated varieties, so seed is 
usually quite a bit more costly. However, hybrids generally have improved 
vigor and disease resistance, and are often more uniform in size. Just as 
much care is needed when selecting among hybrids for an adapted variety as 
with open-pollinated varieties. Iihlike open-pollinated varieties, the seed 
harvested from planting a hybrid can't be replanted since it will degenerate 
back into the original (and usually weaker) varieties from which it was 
developed . 



STORING SEED AND TESTING GERMIN * TON 



I. SEED STORAGE 



Seed viability deteriorates rapidly under high humidity and temnera- 
tures and becomes a serious problem in the tropic!. High tem^raturS speed 
up the seed s life processes which causes further heat and encourages molds 
and fungus; high humidity accelerates mold and fungus growth. 

Under cool, dry conditions, fresh corn, onion, and okra seed store well 
for up to 2 years, while most other seeds are good for up to 5 years Hirh 
temperatures and humidxty can ruin seed in a Jitter of dSys or leete. * 

Moisture guidelines: Beans and cereal crops (com, rice, etc.) should con- 
tain no nnre than 1M moisture for safe storage; mist vegetable seSs 
should not exceed 9%, though they're also harmed by excessive drying (like 
below 4-5%). Vegetable seed moistur- content is difficult to measure with- 
out a special meter, but these figures emphasize the importancf Vf ll^T. 

a T b^e er fre U e r z e in g. BeSt Pl3Ce * 8t ° re ~" U in * refr ^-ator just slightly 

Most of the commercial imported vegetable seed you'll see overseas 
comes in one pound sealed cans which have far better storage life (until 
2£igd) than packet seed.l A11 reputable ^ ls ^ 
label. By the way, it's much cheaper to buy seed in bulk (by the ounce 

Ill's* Mso m Tt ^"5 t0 ft C ° St ° f 3n equal ° f - 

S'palt^ed 156611 tre3ted 3 so 

Storage Tips : 

1. Store seed in airtight containers (jar , etc.) partially filled 
with a dessicant like calcium chloride, quicklime (burned lime, 
calcium oxide), or silica gel. Be sure to separate the seed 
(placed in envelopes) from the dessicant with a layer of cardboard 
or cotton, etc. Oven dry rice kernels are an excellent dessicant. 

2 * IL e !7K all0t ; t0 beCOme damp; even if redl *ed, its germination 

will be reduced. 



II. HOW TO TEST GERMINATION 

aoo A w th£ ' r ° pi "' it,s t* 1 ™? 5 3 good idea to run a germination test on 
seed before it's planted. Here's a simple but reliable way to do it. 



1. 



Some seed companies use a foil lined packet which should keep out dam- 
aging humidity until opened. 
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Count out 100 seeds and place them abo..t- l/?- „ * 
moist newspaper several layers t L c n ° n 3 8quare of 

eral layers thick. Carefully^ roll un t S f * r ° n Up the n ^Paper sev- 
separated from each other and Omain'p^sedT?^ n° that the 8eeds re ^ 
Plastic bag or periodically remoisten the ntws™~ Tll^ ±n & 

7 " 10 *>" -^rs^r^a £~ a?"" 

jjP_to_a point vou can rnmponeo^ f x germination h„ m 

8eed> ? Ut « eed with a germination much lowerthl ^oT^ plan 5 ing ""^ 
less vigorous seedlings. Z or 80 U8u ally produces 



CHOOSING A VEGETART. E GARDEN LOCATTOW 
Here are some important factors to consider: 

proved by large additions of organirSfLr fSSj ° 11S te im - 
both; rice hulls help loosen up Sv) ^ if P °"' manUre for 
shallow (l e ~ s tha n la-i o 7? up ^J^* ^ to av <>id very rocky or 

T3=H?. drop per 100 ft ) * ' the ^ *- much «»re ttaSHUx 
rL~< j P '' , some er °sion control measures will be 

needed like contour planting or mulching. te 

2 * IS!!?? K L fL° f 3 Pr ° blem in the troplcj d *« t0 th * higher sun 

lelst'7-8 ho^r s are f° f ^ ttee8 - ^ ve * ies P^er 

xeast /-8 hours of sun a day. However n^oi lu^-i 

eficial when trying to gr^.S^^J^lS^ 
hot weather. Watch out also from competition^ro. cree roots 
3- Availability of water: Even very rainy climates have dry spells 
^ct P T^e 0 aso f n: lrrigati ° n «« iS *«* - — H£* 

type of protective fencing is necessar^" P ^ ^ g ° atS * Some 
5. Wind Protection: Exposed plants can be seriously damaeed v Mn 

j gTffL'" Ptlfera ^' ^ te " 18 the site 
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USING THE RIGHT TYPE OF SEEDBED 



The right type of seedbed varies more with climate and soil than with 
the crop. The common ones are: 

RAISED BEDS OR RIDGES : Under conditions of thigh rainfall and/or poor drain- 
age, crops are usually planted on raised up beds or ridges to keep them from 
getting "wet feet"; they're also essential when furrow irrigation is used. 
(In some areas, at the star'- of the wet season when rains are lighter, field 
crops like maize, sorghum, and beans are planted on flat beds and then grad- 
ually hilled up as the- season progresses; this only works with plants that 
have enough stem height and leaf clearance to tolerate this partial 
burial). 

Raised beds are especially x*sll suited for intensive vegetable growing 
for reasons beyond drainage: 

1. They keep the soil looser since there f s no need to walk on them. 
The bed's width should allow all the plants to be reached by hand 
from the alleyways (about 1-1.5 meters is best). 

2. There's less bending over involved. 

3. You end up with a double thick layer of topsoil . 

4. They reduce the incidence of soil-borne diseases caused by poor 
drainage • 

5. The raised bed makes It possible to use very narrow rows or even 
equidistant plant spacing, since you don't need to walk among the 
plants. 

liaised beds can also be used under low rainfall or for sandy soils, but 
their height should be reduced (maybe 8-10cm high vs. 15-20cm high). Mulch- 
ing would help cut down the extra moisture losses raised beds are subject to 
under dry conditions. Making a "lip" around the edge of the bed' will also 
help. 

r- ^\ 

raised bed with 
a M lip" to help 
retain water under 
drier conditions 



s— "\ 

wet season style 
raised bed 



FLAT SEEDBEDS : Used where moisture is adequate for crop growth and there 
are no drainage problems. 

3UNKEN 3E frBBBB9- : — Under r ainfal l o r very - sandy soil conditions » vegi es— 
may be planted in slightly sunken beds or in slightly sunken furrows to im- 
prove moisture availability. In arid conditions, shallow rooted crops Like 
onions that have frequent watering needs can be grown in sunken beds a few 
centimeters below normal soil level. 
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PLANT SPACING CTTnET Txnre 



Several factors influence row spacing 



?. ^ZES-QL-egulpnent used anrf fpg foot trafflc . ~ 0 

Yields are often consideraly higher in milrf rl7« Z , C ' 

spacing ^ .^r^rs^Sl.' 1 -' »~ 
There are numerous ways of arranzine muQ Th~„ v 

out using raised beds. alternated with alleyways with- 

_What abo ut in-the-rcw spacin g? 

their size might see. to suggest! Ztvlr ct^l"^"*" £ar above ^ 
tightly causes legglress (soindlv n?!!, ° cra,min e P 1 ™" together too 
Pecially for SSrt.'S'gZ j£ ' LtfT I^thT^" 0 " ( ~ 
parts are the real product) Ilk* rfhwf i ~ y gl ! S (those ""ose leaf 
produce overly s^alfheads if too crowd^ I ?' "* Cabba ^ will . 

radishes can be spacj T^uch Lre closSv in thf l' ^l™*' and 
eggplant, cabbage? and broccS? ^"li'nly^^lnse'?^ 6 "' 

What, about Broadcast. and Equi distant- Pl^^, 

be brotLst^ J"' "* ™ « 

arrangement. Carrots aS "Sishts 2n a lf I** ? "J* 3 definit< * row 

and then thinned to stand 3-4 abreast Jnl ln 1,311(18 8 " 12 00 *«• 

Planting is ea s* 0 f weeding tltZl'.r * advantage of sin^lp 

T=H3 meters wide with angy way S °!eft beSe^f Pf" * to beds 

possible without stepping 2TS beds. * ^ 8 ° that Weeding ls 

and irfhexl^"!^ s^t' thiS iS ° f the approach 

tions with issrurStSn't; sstr achieve o3xiouo pia - 



Example of equidistant spacing 
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Leaf lettuce might be planted oh 20 an equi-spaclngs. Naturally, a bed 
• arrangement is also necessary for this method. Such a pattern also utilizes 
the shade effect of the vegies to help keep down weeds and form a "living 
mulch . " However, under high humidity, auch close spacing may accentuate 
fungal and bacterial leafspot problems. 

INTERCROPPING 

Intercropping consists of growing two or more different crops together 
at once.^either side by side or in adjacent rows. It's also called "inter- 
planting" or "companion planting". Experience and research have shown that 
certain crop combinations are especially well suited to this practice which 
hjs several benefits: 

1. Better us e of space : Growing a quick maturing crop like radishes, 
leaf lettuce, and spinach in between rows of a slower crop like 
tomatoes, peppers, and eggplant takes good advantage of the vacant 
space surrounding these latter crops early in the growing pericu. 
Radishes and carrots are another compatible combination. 

2. Shade provision: Cucumber, squash, and pumpkin tolerate or even 
appreciate some shade and grow well when interplanted among sweet 
maize or field maize. The maize may also benefit from the soil 
mulching provided by the other crop's leaves. Likewise, the ad- 
verse effect of hot weather on cool season crops like lettuce and 
spinach may be partially offset by interplantlng them among taller 
crops like tomato, eggplant, and pepper. 

3. Insect control: The use of aromatic herbs like mint and thyme or 
other pungent plants like onions and garlic as companion crops to 
other veggies may reduce insect damage somewhat, but this effect is 
generally - uch overrated. However, stands of a single crop by it- 
self tend to be more vulnerable to insect attack than interplant- 
ings, whether or not herbs or onions are used. 

4. Miscellaneous : Pole (vinlng) beans are often interplanted with 
maize whose stalls serve as supports. Beans are a nitrogen fixing 
legume, although only of moderate effectiveness; nevertheless, a 
small but significant amount of N is passed on to the maize. See 
pp. f ,-98 of the PC/ICE Traditional Field Crops Manual for more 
details. 

SUCCESSION PLANTING: SYSTEMATIZING PRODUCTION 

Succession planting is a very useful planting strategy which will 
greatly benefit any garden project. Its goal is to coordinate the planting- 
harvest cycles of the garden's crops into an efficient system so that laud 
is kept la continual production and the flow of produce made mare uniform 
throughout the growing season. Succession planting requires careful plan- 
ning and timing; here ore -^ome-helpful-gtti-de' t n co . , 
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timing Transplant Production 



3 ^ +£\ t0m ? t0eB a " t0 £ °} 1( 1 W a crop of beets > nhe Preparation and planting 
of the tomato nursery seedbed should be timed so that the transplant will be 
ready for field setting as soon as the beets are harvested. 

Staggering Plantings of a Crop 

A common problem for most garden projects is that each crop's produc- 
tion flow tends to be very uneven. This M feast or famine" syndrome can b* 
largely overcome by making a series of staggered plantings of "the crop at 
weekly to monthly intervals rather than one planting alone. Another means 
is to plant early, medium, and late maturing varieties of a crop simultan- 
eously to extend the harvest period. 

Aside from evening out the flow of produce for home consumption, stag- 
gered plantings have several important advantages for market gardens: 

a. Buyers are usually partial to producers who can provide a reliable 
supply of produce over a long period, 

b. By spreading out the marketing period for a veggie, growers can 
usually take advantage of favorable market price fluctuations, 
rather than gambling on a good price for a single marketing. Also, 
there is less likelihood of glutting the market and causing drastic 
price declines. 



In selecting an appropriate time interval between staggered plantings, 
it f s important to consider the harvest duration of each planting. Soma sug- 
gestions: 

a. A planting of sweet corn will remain at a harvestable stage for 
only 7-10 days; thus, succession plantings would be needed at 7-10 
days intervals for an even flow of produce. Another approach would 
be to plant an early (about 65 days to maturity), medium (80 days), 
and late (90 days) variety at the same time which would provide a 
harvesting period of about a month. 



b. The harvest duration of tomatoes varies greatly with the type. The 
short, bushy, determinate varieties have a harvest duration of only 
2-3 weeks, while the tall growing, indeterminate varieties can con- 
tinue producing for several months if the plants aren't killed off 
by fungal leaf spot diseases. 

c. Some Veggies such as Swiss chard, spinach, leaf lettuce, mustard, 
and collards can be harvested either all at once (i.e. pulling out 
or cutting off the entire plant) or they can be picked a few leaves 
at a time over a number of weeks (new leaves continue to be pro- 
duced from the base). 
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WATERING VEGETABLES 
WHEN? HOW OFTEN? HOW MUCH? 



There are no quick and easy methods for determining how much vat^ r 
plants need and how often It should be applied. The so-called "shiny" or 
H shiny layer" method popularized in some garden books just isn't reliable 
enough. (With this method, the soil supposedly has received enough water 
when a shiny layer of water remains on the soil surface for a certain number 
of seconds when watering is stopped). However, if you're willing to learn 
some fairly straightforward concepts and figures, you f ll be able to greatly 
improve on "eyeball" methods. Here goes: 

1. The frequency and amount of watering plants need depend on: soil 
texture » root depth , crop stage , crop type , temperature, humidity , 
and wind . As temperature and/or wind increase and humidity 
decreases, water needs go up. We'll cover the other factors 
farther on. 

2. Sandy soils need more frequent (about twice as often) but lighter 
waterings than clayey soils since they can store only about half as 
much water per unit of depth. 

3. The shallower the root system of the soil , the more often watering, 
is needed. Tiny seedlings with roots only a few centimeters deep 
may neuJ water 1-2 times a day on a very sandy soil and once every 
1-2 days on a clay or clay loam soil (depending on temperature, 
humidity, and wind). As roots grow deeper, watering Intervals can 
be spread out. However, well-established lettuce, onions, cabbage, 
and other naturally shallow rooted crops will need more frequent 
(but lighter) waterings than tomatoes, eggplant, field corn, and 
other deeper rooted crops. 

4. Crops thv jiselves vary in the weekly and total amounts of water 
needed to grow them, but there's much variation among field crops 
than among vegies . Millet is the most drought resistant p followed 
by, sorghum , and then peanuts and cowpeas . 

5. Plant demand for water increases with growth and reaches a peak 
around flowering or fruiting time which continues until harvest is 
over for vegies . Field crops which are harvested in a much more 
mature ctate (hard, dry seeds) taper off from this peak as maturity 
sets in. 

Some useful figures : In warm weather, most very young plants will 
use about 19-25 mm (1.9-2. 5cm or 0.75-1.0") of water per week. 
This is equivalent filling up a flat tub that is as big as the 
planted area to a depth of 19-25mm. This includes soil evaporation 
and plant usage. 

1" of water * 7 gallons (25 liters) per sq. voter 

Peak usage rates for established crops run around 45-75mm (4.5-7.0 
cm or 1.75-2.75") a week , depending on temperature, wind, relative 
humidity, and crop type (not a real important factor with vegies). 




This equals 12-19 gallons (45-70 liters) pe r sq. meter (11 sq. ft.) 
per week * 

6. Surprised at the high amount of water established plants need? 

That f s the reason why most people overwater young plants (in terms 
of f requency and amount) and underwater older plants by putting on 
too little too often. Shallow watering produces a shallow root 
system , since roots won't penetrate into dry soil. It's a self- 
perpetuating cycle since the plants begin showing moisture stress 
signs far too soon after each watering, which sets them up for more 
of the same treatment. 



On the other hand, putting top much water on can cause drainage 
problems and leaching losses of nutrients like nitrogen and also 
accentuate soil-borne fungal and bacterial diseases. Watering too 
often (regardless of quantity) promotes "damping off" in seedlings 
and fungal and bacterial leafspots in older plants plus soil-borne 
fungal, bacterial wilts. 

NOTE : 1 ran « 1 liter per sq. meter 

Pre-irrigation : Farmers in low rainfall, irrigated areas should 
usually pre-irrigate the soil to full eventual rooting depth before 
planting to avoid getting behind later on in the season when demand 
really increases. It's a good idea, since the water will not be 
lost except for a small amount that evaporates from near the soil 
surface. The only water that drains downward is excess water that 
the soil's small pore spaces can't hold. Check the PC/ ICE Soils , 
') Crops and Fertilize r manual (pp. 15-16) for a full explanation. 



How Can I Tell When Plants Need Watering? 

Waiting , leaf curling (or rollin g), and, in some cases, color changes 
(maize turns bluish green, bean leaves turn dark green) are the initial 
signs of moisture stress (lack of water). Yellowing and eventual browning 
("firing") of the leaves, starting at the tips, are very advanced symptoms 
that occur after days of continuous moisture stress. However, most of these 
symptoms can also be caused by anything else that interferes with water up- 
take or water transport such as nematodes, Suil insects, fungal and bacteri- 
al wilts, stem borers, and even very high temperatures. N deficiency can 
cause yellowing too . 

Although young plants can usually tolerate the initial symptoms (wilt- 
ing, curling, color change) without any significant yield drop, older plants 
(especially those that are flowering and fruiting) should not be allowed to 
reach this stage or yields may be seriously affected. For example, if corn 
wilts for 2-4 days during pollination, yields are usually cut by 50ZI 

Now for some more guidelines: 



-Very young-plant-s : — When --toots^r-a-very-shallow^ you ,£anjuse„a .simpjLe 
"scratch" test . Take your finger and scratch down a few centimeters. 
If the soil is dry more than 2-3 cm down, it may be time to water if 
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seedlings are small and still .hallow rooted. Look at the ssMlin™ 
too for signs. Remember, young seedlings need frequent tt ^At 
roorde^n/"^ 611 ^ W111 d6pend « Weath « - -a textule^well as 

Older plants; Check over the water auantitv „„u 0 n„ M 
page. As plants get older, you" want'tTmag fess^freq'uen" out EST 

ffisn- o^Ts r5 r K appiication *" »*• 1*"^ 

weaker soil tex tte S?L£ 'SJT 3" J"* 0 * nd wU1 ***** on 

meter) once vprv A-a j q „ 0 „ , ww ™ wa cering (60 liters /sq. 

Other Guideline s for Older Plants* An^t-w ~ 

betora oneJalf of the root "oS .^"bL^tlr hafhf Ply T r 
Sound, coaplicatad, but hold on. r^i tl^ 'abot JS"^* 
water needs from the ton nunm** ~* *-u 01 c «=ir 

ter gets down to 3£ apV^ 

aore. You can get a very good estimate of the percental of SSiLm. 

test for texture. ' U ° E ' COnfu8e thi ^ *«* the~-|Set" 

^easurinp the Depth tha t Water, has Penetrated : Use a 10-15- (about 
0.5 ) diameter iron rod about 1-1.5 mm Ion* that i« a u^tiT, , 
one end. Wait about 1/2-1 day after Tp^w™ t, \ E 7 ta ^ red at 
ground. It should penetrate Llrii aMff^f^ tben PU8h lt: int0 the 
soil (hardpans may Sf.^^7ytS^Lljr k " ^ ° Ut 

SfchX' a »i» gauge or make one out of a tin can 

for checking rainfall, since its frequency and amount will affect 
muct Z "PP^"* "taring.. Amounts much below 6 mm (ifA J^t 
much use to plants, since much of this is lost by evaDoratJon LZ lJl 
upper soil surface. Don't try to "eyeball" rainfall - it's V erT 
xS'SS al8 ° that heaVy d °~ «-lt inVlo V t er of use- 

What abo ut the Best Time of Day to Water?* tvw« 4 
can water „ Sf« S.^tSSS"^ ^*" t "- *° 
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SOMETHING T O TRY: The Evaporation Pan Method 

Water needs of plants can be closely correlated with the amount of 
water evaporation from a pan or can exposed to the elements. Rather cumber- 

X!S 8 £ re8ear ? nations, but there are soae good homemade 

substitutes. Cas of them uses 5 quart (4.7 liter) oil cans 9.5 5 (24 ^ 

S5* ^^f/ ? etallic zinc P* int for uniformity and to prevent 

rust. Set the can, with 1/4 of its height in the ground, and fill it with 7" 
U/.5 cm; of water as soon as you finish watering your plauts. It will be 

SSl^T?! 8ga ^ ,° nCe th \ water level in the has fallen an amount 
equal to that applied at each irrigation. Fill the can up to the starting 

ITS: T y ° U '^f" the PlantS ° r followln g * rainfall that's equal to 

or greater than one of your waterings, but make some allowance for runoff if 
you get a real downpour. Smaller rains will contribute water to the pan as 
well as the soil, maintaining both in balance. Note that the can aLo^ 
serves as a rain gauge . 

Location criteria for the can: Level ground, preferably surrounded by 
grass, away from trees, .buildings, and bushes. Keep the weeds or erass 
right a^una the can below its height. No shadows should hit the can except 
for brita periods near sunrise and sunset. except 



ERIC 



68 



HOW TO GROW SUPER TRANSPLANTS 



I. WHY TRANSPLANT ANYWAY? 

TOMATOES, CABBAGE, BROCCOLI, HEAD LETTUCE, EGGPLANT P PEPPER, and ONIONS 
are usually sown in seedboxes or nursery seedbeds and then transplanted to 
the field a few weeks later. Transplanting takes extra labor and lengthens 
the growing period by a week or two, but it f s well worth it. Here's why: 

1. A aeedbox or nursery seedbed provides more controlled and protected 
conditions for young seedlings compared to direct field planting. 

, Also, small seeds like tomato, lettuce, and cabbage usually have a 
poorer germination rate when field planted due to cloddiness, in- 
sects, and variations in soil moisture. 

2. It's much easier to care for the young plant ? in a concentrated 
area. 

3. More efficient use of garden space 

a. During the 3-6 weeks it takes to grow transplants, the garden 
can be used for short term vegies like radishes. 

b. Transplants can be started while another crop is still finish- 
ing up in the garden. 

A. Better final plant spacing in the field . Direct planting often 
makes for lots of gaps where seedlings died or seeds didn't germi- 
nate; healthy transplants have a high survival rate. 

5. In cooler climates, transplanting makes for a crucial ju^y on the 

market since plants can be started indoors or in a cold frame long 
before frost is over. 

6. Plants can be started in dry season. 

Some say that transplanting stimulates a stronger root system due to 
branching at the ruptured root ends, but tests don't prove it. 

Why Not Transplant All Vegies? 

— ~t a n 

1. Not all will tolerate it. Broccoli , brussels sprouts , cabbage , 
cauliflower , lettuce , and tomato easily survive transplanting; 
Cfi lery , eggplant , onion , and pepper take more care; beans, corn, 
cucumber, peas, turnips, and melons are usually severely set back 
by transplanting. 

2. It's not worth the effort to transplant a crop that has very close 
field spacing like radishes, beets, carrots, etc. A wide spaced 
vegie like tomato has a high field area-to-seed dox area ratio — 1 
sq. ft. of seedbox provides enough transplants for 40-200 sq. ft. 
of field. 
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II* HOW TO GROW SUPER TRANSPLANTS 

Growing healthy, vigorous transplants is the old sc< ence-and-an-art 

trip. Without good management, you'll end up with entries for an ae zonz 
show. ^ 8 



THREE WAYS TO 3TART y EM : Nursery Seedbed, Seedbox, Individual Containers 

In-the-Ground Nursery Seedbed Method : The plants are grown out- 
doors on raised seedbeds made from ordinary soil or preferably a 
specially prepared soil mix (see p. 67). Seeds are planted in rows 
2-3" apart and then transplanted to the field 3-6 weeks later , In 
the rainy season, a removable thatch roof of permanent clear plas- 
tic roof should be built over the seedbed to prevent damage from 
heavy rain. Partial shade may be necesssary if heat axvl sunlight 
are intense. 

2» Seedbox Method : A good seedbox can be made from 1/2" wood and 

should be 3-4" deep and an easy to handle size (no bigger than 16 x 
24" or so; with drainage holes In the bottom. A soil-compost, rice 
hull-soil, or other loose and well-drained mix is used. The seed- 
box is kept in full or partial sunlight either outdoors with a re- 
movable or clear plastic roof or else in a greenhouse; it should be 
raised up on blocks or stilts to cut animal and ant damage. Seed- 
boxes offer more controlled, protected conditions than nursery 
seedbeds and are recommended when only a few hundred transplants 
are needed. About 400 transplants can be grown per sq. meter of 
seedbox space. 

The plants can remain in the seedbox until full transplant size if 
properly spaced and progressively thinned to give at least a 2" x 
2" final spacing. Some growers prefer starting out seeds in shal- 
low flats a couple of inches deep and then transplanting to a 
deeper seedbox or nursery seedbed when the seedlings have formed 
their first pair of true leaves (as opposed to the initial pair of 
"seed" leaves). The only real advantage of this double transplant 
method is that most of the seedlings can be used instead of throw- 
ing the thinnings away. There's no evidence that transplanting 
s timulates a better root system . 

3. Individual Container Method : Seedlings are raised in individual 
peat, plastic, or paper (homemade) pots. A special potting mix 
like vermiculite or peatlite can be used or you can easily make 
your own (see p. 67). Two or three seeds are planted per pot and 
thinned to one plant at the first true leaf stage. Big advantage 
of containers, is that root injury is minimized during transplant- 
ing. 

Whatever method you choose* remember that care and management are more 
important than the actual method. 



- 189 - 



70 



SOIL MIXES FOR TRANSPLANTING 



Straight soil seldom makes a good planting medium compared to a mix. 
it's either too clayey (makes it tight and poorly drained) or too sandy (low 
water holding ability). When confined in a shallow pot or seedbox, most 
natural soil tends to become very poorly drained near the bottom no aatter 
how many drainage holes you make — there 1 s no soil below to provide a suction 
force to draw the water away, and gravity by itself isn't strong enoughc 
That's the main reason you should use an extra coarse soil mix which will 
facilitate drainage yet still hold an adequate amount of moisture^ Soil 
mixes also are usually lighter than regular soil, making it easier tc move 
seedboxes around* 

Here are a few recipes for soil mixes (variations are endless); 

1. 1:1:1 sand-soil-compost. Modify the ratio to suit the 
soil you're using* W ell rotted manure can be used* 

2. A 2:1 or 1:1 rice hulls-soil mix. 

3. A 1:3 sand-compost mix. Rotted coconut husk fibers run 
through a 1/4** mesh screen zaake great compost. 



FERTILIZING 

Don't rely on compost alone to supply tte needed nutrients; it's a low 
analysis, slow release source. Compost that's only partly rotted is not 
adequate. 

Too much or u nbalanced fertilizing produces overly succulent and leggy 
plants (makes 'em especially prone to damping-off disease. Use an NPK fer- 
tilizer with a high P ratio (like 12-24-12 or 10-30-10). Aim for an appli- 
cation equal to 80-100 lbs. (kgs) N, 150-250 lbs. (kgs.) P 2 0 5 , and 10C- 
200 lbs. (kgs.) K 2 0 per acre (hectare). Them's equal to 80 grams per sq. 
meter of 12-24-12 or 10-30-10 or about 5 level tables poons (about 1/2- table- 
spoon per sq. foot). • — - — 

How to Apply Fertilizer: Mix it in thoroughly with the seedbox soil mix or 
broadcast and work it into the top 4" of the nursery seedbed. 

Nitrogen Deficiency: May show up after a few weeks due to the extra high 
leaching losses occurring in shallow containers. Leaves start turning a 
pale yellow. Water the seedlings with 1 tables poon ammonium sulfate (or 
1-1/2 teaspoons urea) dissolved in 1 gal. of water. Once should do it. 
Wash off leaves with plain water afterwards. 



SOIL STERILIZATION BEFORE PLANTING 

This control soil-borne fungus and bacterial diseases as well as nema- 
todes. It f s a must, especially in the hot, moist tropics. Here are several 
methods: 
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1. NON CHEMICAL : 

Boiling Wate r: Convenient for small areas , like nursery seedboxes. 
:<t Really sock . s . on. 

Baking the Soil : Wet soil heats up better, and the resulting steam 
helps. An oven can be used for small amounts. For larger quanti- 
ties, use half of a 55 gal. drum split lengthwise supported over a 
fire or use galvanized roofing the same way. 1/2 hour at 185 °F 
does the trick; don't overcook the soil as it may release toxic 
amounts of certain elements. One way of checking is to bury a 
potato or sweetpc'cato midway down in the soil; when it's cooked, 
the soil is ready (and you get a snack too). 

Steaming : Very effective. 

Burning Debris on the Surface s Burning rice straw or other resi- 
dues on the soil surface is no t an effective method. 

2. CHEMICAL : Fumigante like methyl bromide , Basamld , and Vapam are 
broad-sprectruni sterilants* Formaldehyde controls fungus and bac- 
teria but not nematodes. See pp. 150*152 for details. 

Whatever method you use, be sure to sterilize the entire soil mix (com- 
post and manure included). Seedboxes should be sterilized with boiling 
water. Avoid recqntaminating the soil with unsterilized implements, etc. 

i CONfROLLING DAMPING-QFF DISEASE 

Damping-off is a fungus disease caused by any of several soil-borne 
fungi that attack the germinating seed or young seedlings at the base of the 
stem. 

Symptoms of Damping-off 

Pre-emergence damping-off attacks the germinating seeds and can cause 
oa w to rot. Low germination (if not due to poor seed) mry be a sign of 
damping-off. 

Post-emeigence damping-off attacks seedlings soon after they emerge 
while their sliems are still young »nd tender. The plants collapse at the. 
base of the stem. A closer look shows a water soaked constriction of the 
stem where it meets the soil* (High heat can sometimes cause a similar 
girdling of the stem.) 

"Prevention and Control 

1. Soil sterilization should control it unless the soil becomes recon- 
taminated by unclean tools or further additions of unsterilized 
soil. 

2. Seed treatment with a fungicide dust: Use Captan (Orthocide) or 
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Arasan (thirata). Provides good seed protection but won't protect 
the seedlings. Most commercial bulk seed (as opposed to packet 
seed) is already treated; check the label or look for a purple or 
reddish tinge to the seed. NOTE: Demosan (Tersan, chlotoneb) seed 
treatment is highly effective on post-emergence damping-off as well 
and is used on beans, cotton, and sugarbeets in the U.S. 

3. Keep the soil surface dry : Avoid excessive shade and watering too 
frequently; a continually wet soil surface is a turn-on for damping 
off fungi. Water thoroughly once a day in the morning rather than 
making several light waterings. 

4. Don't crowd plants! : Keep the rows a minimum of 2" apart and thin 
plants as required. Overcrowding makes for spindly plants with 
tender attack-prone stems. 

5. Keep' em growing 1 : Damping-off is only a problem during the first 
week or two of growth. After than, stems toughen up and become re- 
sistant. Anything that slows down growth (lack of sunlight or fer- 
tilizer, etc.) is a no-no. 

6. A fungicide soil drench will help prevent damping-off if no steril- 
ization was used; it'll also help control damping-off if an out- 
break erupts. Here's 2 recipes: 

a. 1-1/2 - 2 level teaspoons (7-1/2 - 10 c.c ) of Csptan (Or >»- 
cide) per gal. of water. Apply at the r« - of 1/2 gal. per sq. 
yard (9 sq. ft.) immediately after planting or as soon as 
damping-off symptoms occur. 

b. For cabbage and broccoli : a drench of 1 level tablespoon of 
PCNB (Terrachlor, Braseicol) + 2 tablespoons Captan 5GW per 
gal. of water applied at 1 gal. per 50 sq. feet of seedbed 
immediately after planting. 

PLANTING THE SEEDS 
Use Adapted Varieties 

Numerous varieties are available for each vegetable, but only a few are 
adapted to any particular area. Varieties very in their time to maturity, 
disease resistance, and heat tolerance, etc. Check with your host country 
extension service for recommended varieties. DON'T use CARE t?eeds even 
though they're free - they're seldom the correct variety and are usually 
old. 

Run a Germination Test First 

Once out of a freshly opened sealed can, seed can deteriorate rapidly 
under hot, humid conditions. Test the germination by either making a trial 
planting or placing 100 seeds inside wet newspaper and counting the germing 
tion in a few days. (See p. 55 for storage tips.) 




Planting Depth 



1/4-1/2" (.6-1.2aa) deep for small seeded vegies; If too shallow, soil 
nay dry out too quickly; if too deep, they may have trouble pushing through 
or may rot. Planting too deep is c common mistake * 

Seed Spacing 

Rows should be 5-7cm apart. There are 2 ways of spacing seeds <n the 

row: 

!• Dribble them out uniformly at about i5-30 seeds/foot (about 1 every 
centimeter). Since you'll be thinning them progressively for a 
final 5-7cm spacing, you'll waste a bit of seed unless you double 
transplant. 

2. Cluster planting : plant in groups of 3 seeds per group with 5-7 cm 
between groups; thin to one seedling per group once the first true 
leavt. start forming. If care is taken to align the groups both in 
the row as well as from row to row, blocking is greatly facilitated 
(see next page). Use a board with mounted dowels to mark out the 
holes. 

3. Container planting : 3 s^eds per container and then thinned to one 
plant each. 

Other. Planting Tips 

1. Firming the soil over the seed will help improve contact between 
seed and soil moisture. 

2. In £ cases, you can improve the emergence percentage of diffi- 
cult seeds like carrots and lettuce by covering them only with a 
thin layer of sawdust or rice hulls. 

3. Covering the seedbox or seedbed with a 5-10cm. thick mulch of straw 
or gra3s (newspaper works too) helps hold in moisture and protects 
against seed washout. However, be sure to remove the mulch as soon 
as seedlings start emerging to avoid leggy, weak plants and in- 
creased damping-off problems. Before applying the hay or straw, 
dry it out well in the sun to help decontaminate it from daiming- 
out organisms cr use a Captan drench over it. You can also try 
using a "grow through" mulch like rice hulls about 1cm thick or 

so. 



SEEDLING CARE 

1. Overplanting and underthinning are common mistakes. You*re shoot- 
ing for strong s stocky seedlings, so overcrowding is a no-no. 

2. In high rainfall conditions, a clear plastic canopy or removable 
thatch roof set-up will be needed. 
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3. During the early stages of growth, partial shade may be needed 
under high temperature, Intense sunlight conditions t h ut don't 
overdo it. 

A. Water in the mornings ; this helps keep the soli surface dry to 
minimize damping-off problems • 

5* Insects : Malathion 50% or 57% liquid at a 3 cc/liter (2 teaspoons/ 
gal.) or Sevin 80% WP at 10 cc/liter (2 tablespoons /gal.) will con- 
trol most leaf feeding insects (Sevin won't control aphids well). 
Don't spray unless needed 1 

6. Leaf spot fungus diseases : use Maneb or Manzace (Di thane M-45) at 
6 cc/liter (1.5 tablespooas/gal.) or Captan SOW att 8-12 cc/liter 
(2-3 tablespoons/gal.). 



7. Hardening and blocking : 
(p. 72) 



See "Tips on Transplanting Vegetables' 
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TIPS ON TRANSPLANTING VEGETABLES 



. 1 I. PRE-TRAflSPLANT GUIDELINES 
Sl2e & Age of Transplants 

Use only healthy, vigorous transplants. Over-planting and under-t win- 
ning produce spindly, weak seedlings - so does too much fertilizer (espe- 
cially N) or excessive shade. Follow the tips above in "How to Grow Super 
Traasvla^ts" and shoot for sturdy, stocky seedlings that are disease* .free. 

In warm climates, it takes about 3 1/2-6 weeks to grow seedlings to 
transplant size. Tomatoes, cabbage, broccoli , and leaf lettuce (leaf let- 
tuce is usually direct planted) are the quickest and pepper and eggplant the 
slowest. 

Most plants are ready when they have 4-6 true leaves (i.e. not counting 
the first 2 "seed" leaves). Size and appearance should be like so: 

TOMATOES : 15-20cm tall, pencil thickness stem; should be stocky 
(wider than tall) and not leggy. 

CABBAGE : 6 leaf stage; use stocky plants. 

PEPPER, EGGPLANT : 10-12cm tall. 

Don't use overly old seedlings ; the jrowth check is much greater since 
I more roots are damaged during transplanting and older roots don't regenerate 
as well. Also, old seedlings are likely to have stunted root systems due to 
confinement in a limited area. Tomatoes are somewhat of an exception (see 
p. 74). 

Hardening aad Blocking 

Hardening toughens up seedlings and prepares them for the shock of 
transplanting; the process slows growth , increases food storage , and tough- 
ens up plant tissue . When transplanted, hardened plants produce new roots 
faster and are more resistant to moisture stress and temperature extremes. 

The hardening process should be started about 7-10 days before trans- 
planting and consists of one of the following: 

1. Exposing p?ants to below optimum temperatures for growth; not prac- 
tical in the tropics. 

2. Gradually reducing the water supply , but don't let the plant bed 
dry out suddenly or let the seedlings wilt severely. Blocking the 
plants (see below) may be enough to produce adequate hardening by 
itself. 

Blocking consists of cutting the seedbox soil to full depth by passing 
a sharp knife length-wise and cross-wise between the plants about 7-10 days 
before transplanting. A 5x5 or 5x8cm plant spacing facilitates 4 he opera- 
tion. Blocking lessens transplant shock in several ways: 
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1. 



It keeps the roote of adjacent seedlings from entangling each other 
which causes lots of root loss when the seedlings are removed r 



2. It stimulates root branching within the seed.Hng^ soil cube which 
helps hold it all together when lifted out. 

3. The severed roots have a chance to at least partially recover be- 
fore transplanting which causes little additional root damage. 

Exposure to Full Sunlight 

If the seedlings have been grown under partial shade due to intense 
heat and sunlight, they must gradually be acclimated to full sun during the 
2 weeks prior to transplanting. I£'s a good idea to use as little shade as 
possible; overdoing it slows down growth, makes for leggy plants, increases 
damping-oi'f problems, and may cause increased transplanting mortality. 



II. THE TRANSPLANT OPERATION 



Wgather Condition s: Transplant in the late afternoon or on a cloudy day - 
it helps avoid severe wilting. Shading the transplants (see p. 74) for the 
first couple days is often necessary if heat and sun are intense* 

Extracting the Seedlings : Try to retain as much of the seedling f s root sys- 
tem as possible when removing it from the seedbox. B locking (see above) is 
a big help; soaking the soil may help too. 

Using a Starter Fertilizer Solution 



A liquid starter fertilizer solution poured into the transplant hole 

helps get the slants off and running again. Use a fertilizer with a high 

ratio of P lilu. 12-24-12 or 10-30-10, or 5-10-5 if possible (P helps stimu- 
late new root growth). Or use: 

Manure Tea : 1 part manure to 3 parts water. Probably not a quick re- 
lease source of P. 



Recipe : 2-4 level tablespoons of fertilizer per gallon of water 

(8-15 cc/liter). Don't expect it all to dissolve (using 
hot water and mashing the fertilizer will help). 

Dosage : About a cup (250 cc) per transplant hole. Pour it in be- 

fore transplanting and let it drain completely before set- 
ting the plants. 

Remember that the starter solution is only a temporary "fix", since the 
amount of NPK applied is pretty small. In addition, a regular application 
of NPK fertilizer should be placed in a half circle 8-10 ct deep and 8-10cm 
out from the plant's stem. Or ycu can try relying completely on a high rate 
of manure or compost (at least 4 kg./sq. meter; half this for poultry and 
sheep manure; it should be broadcast and worked into the top 15-20 cm of 
soil about a week or two before transplanting). 
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Hov Deep Should Transplants be Se t? 



Eggplant , pepper , and cabbage family transplants should be set slightly 
deeper (lika 1-2 cm) thin they were originally. Setticg cabbage iamily 
plants as deep as the first true leaves will prevent leaving lots of curly 
stem above ground that might be broken by wind knocking the plants around. 

Tomatoes are a very special case since any portion of the sten.* that is 
buried will f^rm roots . In fact, tomatoes love being set super deep in the 
soil, since it gives them a better root system. You can bury them deep by 
setting them in vertically, but if the plants are very old and leggy (much 
above 20 cm or so, use the horizontal method shown below, but be careful not 
to snap off the top part of the plant by bending it too much. The horizon- 
tal method avoids setting the plants too far down into subsoil that might be 
too cold, poorly drained or very infertile. v ~u can set plants 30-50 cm 
tall (way too old to be ideal) leaving only 10 cm above ground, and it'll 
help turn back the clock. 



Don't H afraid to pinch off some of the lower branches in order to "deep 
six" the tomato plants; they like it. 

Setting the Plants In (Normal tomatoes and other) 

Hold the plant gently (don't squeeze the stem) so the roots dangle down 
vertically and aren't scrunched up. If the plants are container grown, take 
off the container and loosen up the roots a bit. Set the plant in to the 
proper depth and fill in soil so no air pockets are left. Firm the soil 
around the plant to assure no air pockets (they cause roots to rot). 

Leave a slight depression around the plant (above 20 cm diameter) to 
help retain water unless conditions are very wet. 

Applying Solid Fertilizer ; See Soils , Crops, snd Fertilizer manual 
(PC/ ICE), pp. 124-27. 

Watering and Shading 

Water the plants well immediately after transplanting. If the soil is 
dry, put on about 25 liters/sq. meter broadcast to help build up the mois- 
ture reserve; the young transplants won't actually need much at once due to 
their tiny root system, so you may have to water every day or two with a 
much smaller amount in addition, to this initial deluge. 

Shading : In hot, sunny weather, the plants will usually need shading 
(possibly not if they were container grown under full sun) to preven high 
mortality from water stress. Make party hats (or cones - they're quicker) 
out of newspaper or use banana leaves, etc. Put a ventilation hole in the 
party hats. Shade may be needed for several days and can be gradually with- 
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Mulching 

In moat cases, a 10-15 cm layer of mulch around the plants is very ben- 
eficial. It reduces evaporation of water, cools the soil (not pood in cool 
weather), cuts down weeds, and eventually adds organic matter to the soil. 
Muich ma y attract termites (dry areas especially), crickets, or slugs and 
snails (wet conditions). It may also encourage "damping off" if placed too 
close to young seedlings. 

GUIDELINES FOR INDIVIDUAL VEGETABLES 

Tomato Cucumber 
Eggplant Squash 
Pepper Onion 

Cabbage & Chinese cabbage 

There's no one right way to grow vegetables so the guidelines below are 
very general. The specifics depend on the soil, climate, available inputs 
and equipment, and the farmer's management ability and capital. 



TOMATOES 

Days til harvest : 55-90 from transplanting 

Good yield ; 2-6+ kg/sq. meter depending on conditions. 

Determ inate varieties are low growing and bushy; blossoms and fruit develop 
over a short period, and harvest lasts only 1-3 weeks. Indeterminate s keep 
on producing more leaves, stem, flowers, and fruits; harvest may last sev- 
eral months if not cut short by diseases. Indeterminates are usually 
staked. 

Cho ice of variety is very important since there's much variation in disease 
resistance, time til harvest, size and shape of fruits, and use. Here are 
some common ones - get local recommendations from the ministry of ag: 



I 
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Variety 1 
Floradel (I) 

Tropic 'I) 

Walter (D) 



Days til harvest 
(From trans- 
plant ing) 

77 days 
75 
75 



Better Boy (I) 72 

Hanapal (!' 75 

Rome (D) 75 

Chico III (D) 75 



Disease 
Resistances ^ 

F l> graywall, gray leaf 
spot 

N, F lt Vi, graywall, 
gray lear spot 

F 1>2 > graywall, gray leaf spot, 
radial fruit cracking 



VFN 



Fj, graywall, gray leaf spot 

V, F (new strain also 
resistant to namatodes) 

F (sets fruit at high 
temperatures) 



Fruit Size 
Shape 

Large , round 



Small pear for 
canning , pasta 



Growing Transplants : (See section titled "How to Grow Super Transplants"). 
Ideal transplant has 4-6 leaves (not cou ating original seed leaves), is 6-8" 
tall with pencil thickness stem, and is stocky not leggy. Allow 4 sq. in. 
per plant in the seedbox. 

Transplanting : Set them deep w first leaf is just above soil. Leggy 
plants should be set extra deep (lay part of stem horizontally underground 
after pulling off some of the lower leaves). Remember that tomatoes are one 
of the few vegies that have the ability to produce roots from the buried 
stem. 

How to root cuttings : A quick way to produce transplants. Cut a 6" long 
healthy sucker at a slant; dip in rooting hormone and insert into a moist 
medium like peatmoss, compost, etc. Will root in a couple of weeks. 



Blossom drop : Nite temperatures above 75°F (2A°C.) may cause blossom drop 
in some varieties. Same with night temps below 55°F. Hot, dry winds may 
cause blossom drop. 



1. "I H « indeterminate, "D" - determinate 

2. F ■ race 1 Frusarium wilt, F 2 « race 2; « race 1 Verticillium 
wilt, N - nematodes; radial fruit cracking and graywall are physiologic 
disorders. 

3* Disease resistance doesn*t imply 100Z immunity but only better toler- 
ance. 
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Fertilizing 

Seedbox : See: "How to Grow Super Transplants'* or S oils, Cro ps, and 
Fertilizer Use manual (PC/ ICE) 

At transplanting : Use a starter solution (see "Tips on Transplanting" 
' or the fertilizer manual) as well as the usual solid fertili- 

zer application (use half-circle method). Good managers can 
profitably use up to 200 lbs. P 2 05/acre (kgs./Ha.) and 
60-150 lbs. Ik (kgs./Ha.) K 2 0. Total N can go as high as 
100-150 lbs. Ik (kgs./Ha.) but apply only 1/3 at transplanting 
and sldedress the rest 3-4 week intervals. 

Sldedresslng : Use N only unless under high rainfall or very sandy con- 
ditions where K losses may be high. Apply 30-40 lbs. Ik N 
every 3-4 weeks. 

Tomatoes are especially susceptible to Calcium, Magnesium, tcron, and 
manganese deficiencies. 

Staking and Pruning 

In the States, the tall growing indeterminates are staked while the 
bushy determinates are often allowed to sprawl on the ground especially if a 
protective plastic mulch is used). Under wet tropical conditions, staking 
Is often essential for both types to prevent fruit rot and foliage diseases 
b-ing aggravated by ground contact. Instead of staking the bushy deter- 
minate varieties, you could try heavy mulching with straw or rice hulls, 
etc. 

Under drier conditions, unstaked plants will usually outyield staked 
plants on a per plant basis , but allowing them to sprawl exposes the f ruLt 
to more sunscald than under staking. Cr< a per area basis, however, staked 
plants usually yield more, since they can be spaced twice as close as un- 
staked plants. Use stakes at least 1.6m long and sink ti«m at least 30cm 
into the ground. Beat time" to put in the stakes is right at transplanting. 

Wire Cages : Cages 45-60 cm in diameter made from strong wire mesh (10-15cm 
mesh) is ideal for supporting tomato plants. Concrete reinforcing wire can 
be used, but cost is a big problem. The p ctnts need no pruning with this 
method. 

Pruning : The main purpose of pruning is to facilitate staking and tying by 
cutting down on the number of stems per plant. Pruning to a sing l e stem 
will speed up maturity by a week or two, but at the expense of yL id. 
Usually, pruning to leave 2-3 stems is ideal and also gives better foliage 
coverage to protect the fruits from the sun. One way tc obUain au^ early 
initial harvest and later sun protection is to remove all "suckers" (poten- 
tial stems that form In the joint between the stem and the leaf branches) up 
to about 40-45 cm and let the others grow to form a canopy effect. A common 
and effective pruning method is to let one or two suckers grow out from near 
the plant's base to form a 2-3 stem plant. Note that each of these 2-3 
steins will also produce further suckers which need to be removed; pruning is 
a fairly continual process. A TIP : Allow tte suckers to develop two side 
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leaves, and then pinr off the shoot above the side leaves - it makes for 
better foliage covei % for fruit protection. Severely pruned pJants (one 
stem) are mare susceptible to blossom and rot. r 

Insects: Aphids, tomato fruitworms (corn earworms), hornwonns, cutworms, 
and stinkbugs are some of the **>re common pests. (See the insect control 
section bfelowr.) 

Nematodes : Tomatoes are especially susceptible to rootknot nematodes (see 
nematodes section of this tech reference package). 

D iseases 

Fusarium wilt, Vert icillium wilt , bacterial wilt, early and late 
blight, gray leaf spot, Septoria leaf spot, and several viruses are the more 
common problems. Use resistant varieties whenever possible where the fungal 
wilts are a problem. Benlste (benomyl) as a soil drench (500 cc/plant of a" 
solution made, of 1 gram Benlate per 3 liters water) applied in the trans- 
plant hole b« ; re transplanting has proven very effective as a preventative 
against Vertic ilium (also helps with Fusarium). For leaf fungal diggg ses, 
prevention applications of foliar fungiciaes should be made evsry 4-10 days 
(depending on rainfall frequency and disease severity) teginrixrig around 
blossom time, Practice crop rotation (especially good for soil-borne dis- 
ease control) by not growing tomatoes, peppers, eggplant, potato or tobacco 
on the same ground within 3 years. Don't use tobacco products when working 
with tomatoes — it spreads tobacco mosaic virus . Wash hands well with strong 
soap, rubbing alcohol or skim milk (the latter is very effective) before 
entering the field if you 1 re a tobacco user. 

Physiologic Problems 

Blossom drop : see start of tomato section. 

High temperatures : Nighttime temperatures over 85* (29.5°C) prevent ripen- 
ing fruit from attaining a normal red color. 

Blossom End Rot : Water soaked spot at blossom end of fruit that enlarges to 
cover up to half the fruit ; usually hits when fruit is 1/3-1/2 grown. Most 
common when a dry spell follows a period of rapid growth. Unusually heavy 
rain, excessive N, wide fluctuations in the water supply, and heavy pruning 
can also be factors. The main problem is really a calcium deficiency. Cal- 
cium isn f t moved from older to youngei tissues, so.it doesn't take long for 
a deficiency to injure new growth (i.e. the fruit). Cont rol: Spray tV, 
foliage once or twice a week when problems arise with a t.lution of 4-5 lbs. 
of calcium chloride per 100 gals, water (4.8-6 grams/liter). Higher rates 
may burn the crop* Apply only during the period of unfavorable conditions. 
Liming a very acid soil also gives good control (see the soils and ferti- 
lizer manual). 

Leaf Curling (Rolling) : Some kinds are normal and are more pronounced in 
some varieties. Overwatering, prolonged heavy rainfall, or severe pruning 
promote it. This normal curling consists of upward rolling of the learlets 
on the lower leaves, making for a cup-like appearance. 
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Graywa ll: Gray to grayish-brown blotched ca the surface of green fruits; 
also called "blotchy ripening." May be caused by low light intensity, high 
soil moisture, soil compaction, or cold weather. Resistant varieties are 
the best control. 

Catrf acing : Fruit show« a severe malformation and scarring at the blossom 
end; fruit is puckerec 1 with irregular, swollen protuberances at the blossom 
end. Thought, to be caused by any serious disturbance (stress) during flow*- 
ering; 2,4-D herbicide damage can cause it too. Varieties vary in their 
susceptibility. 

Growth Cracks : The cracks can be either concentric or radial (down the 
sides) and are most common during high rainfall and temperatures which fawr 
extra rapid growth. Varieties vary in their susceptibility. In dry areas, 
avoid irrigating tomatoes right before harvest. 

Sunscald : Due to sun exposures of the fruit and very common where plants 
have been prematurely defoliated due to leaf spot diseases. Excessive irri- 
gation or rain fall can also kill the older foliage; First symptoms are a 
yellow or white patch on the side of the fruit facing the sun; it may remain 
yellow, but usually a blister-like area, forms and later shrinks to e large, 
grayish-white spot ^ith a paper-like surface. Covering the fruits (if the 
plants are sprawling and unstayed) with a light layer of straw helpso Sun- 
scald is most common on immature, green fruit. 

EGGPLANT 

Time til harvest: 75-100 days from transplant. 

Good yield : H kg/sq. meter depending on conditions 

Characteristics : Likes hot weather; usually grown as an annual but it's a 
perennial; requires care in transplanting; soaking seeds overnite improves 
germination. 

Varietie s: Purple, yellow, white fruits; small and large fruited varieties; 
some are resistant to .bacterial wilt, a very destructive disease. 

Transplanting : Care is required (keep as much soil as possible around the 
roots when the plants are pulled). Set out plants in the field when 12-18cm 
tall. Can also be grown in 5 gal. containers. 

Plants may need staking. Control plant size by pinching off the growing 
point • 

Fertilizing : see peppers. 

Diseases : Bacterial wilt, verticil l-'um wilt, anthracnose. Don't plant egg- 
plant, pepper, tomato or potato on the same ground within 2 years. 

Insects: Flea beetles, aphids, hornworms, lace bugs, etc. 




PEPPERS (Sweet) 



Time til harvest ; 60-90 days after transplanting. 
Good yield : 12,000 lbs. /acre (kgs./Ha.) 

Charac t er i s t i cs : Not as heat tolerant as eggplant; hot peppers have better 
heat resistance. Bell (sweet) peppers ripen from green to red, sometimes 
yellow. Night temperatures above 75°F (24°C) or much below 60°F (15-5°C) 
encourage blossom drop as well as daytime highs above 90 °F (32°C). Some 
natural blossom drop occurs even at ideal temperatures so the plant doesn't 
overload. Seed germinates slowly. 

Transplanting : It takes '6-8 weeks to grow transplants; set out in field 
vhen 8-12cm. 

Fertilizing : Good managers can use up to 80+ lbs. N, 80- £00 lbs. P2O5, 
and 0-100 lbs. K2O per acre (kgs./Ha.) according to soil test results and 
capital available. Apply all the P and K at planting (unless K leaching is 
likely to be high) and 1/3 of the N. Sidedress every 3-4 weeks afterwards 
with about 30 lbs. N/acre (kgs./Ha.). Also use a starter fertilizer solu- 
tion at transplanting time. 

Varieties : Here are some of the ©ore common ones with their characteris- 
tics: 

Yolo Wonder : Resistant to tobacco mosaic. Medium season. Yolo Wonder 
L is a taller type with better fruit protection against 
sunscald. 78 days (fr. transplant) 

Early Calwonder : Early season with a medium thick wall. Yields over a 
shorter period. 

Worldbeater ? Thinner walled than Calwonder types, less blocky in 
shape. 70 days • 

Florida Resistant Giant : Thick walled Calwonder type that*s resistant 

to tobacco mosaic. 

Insects : Aphids, flea beetles, arraywpraj, leaf miners, cutworms, pepper 
weevil. 

Nematodes : Susceptible to rootknot , sting, and several other types. 

Diseases : Common diseases are mosaic virus, bacterial wilt ; , bacterial leaf 
spot, ahthracnose, and several ether leaf spots. Foliar fungicides will 
control foliar spots if applied regularly; use copper base sprays on bacte- 
rial leaf spots. Don't use tobacco products while working with peppers; 
wash hands thoroughly before entering the field if you f re v a tobacco user to 
avoid spreading mosaic virus . To avoid 'bacteria! soft, cot, don't handle 
plants when wet and avo v id wounding t*s fruit. Practice crop rotation by not 
planting pepper, eggplant, tomato, or potato on the same field within 2 
years. 
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Sw eet vs. hot peppers ; Sveet varieties are less heat and drought resistant 
than Hot varieties. Sweet varieties are usually harvested at fie mature 
green stage* while hot varieties are picked at the mature red stage (hot wax 
types are picked when yellow). 



CABBAGE 

Time til harvest : 61-90 dcys after transplanting. 
Good Yield : 2-6 kg/sq. meter 

Characteristics ; Prefers mild temperatures but passable yields can be ob- 
tained in warmer areas if heat tolerant varieties like KY and KK Cross i 
((hybrids) are used; mulching helps reduce soil temperature. Heads weighing 
2-4 lbs. are possible in warm weather while 4-6 lbs. heads are comncn when 
it's cool. 

Transplanting : Transplants can be grovn in about 4 weeks and are ready at 
the 4-6 leaf stage. If shooting for large heat -** space d xnts about 2(F 
(50cms) apart, otherwise 12-16" (30-40cms). Use a starrier fertiliser solu- 
tion (see "Tips on Transplanting") in addition to the usual NPK solid ferti- 
lizer* Set fchem firmly into the ground to avoid air pockets. 

Other tips : Cabbage is shallow rooted and easily injured by cultivation 
deeper than 1-1/2". Large heads sometimes split during hot weather; split- 
ting can be prevented by harvesting a bit e<-rly 0 r twisting the plant 1/4- 
1/2 turn near maturity til you hear some roots snap - it'll sJLow growth. 
Some variety hybrids are available. 

Fertilizing : Good managers can apply up to 10O-120 lbs. N (1/3 at trans- - 
planting), 60-150 lbs. P2O5, and 60-150 lbs. K 2 0 per acre (kgs./iHa). 
Apply the remainder of the N in 1-2 side-dressings. Cabbage is susceptible 
to magnesium, sulfur, boron, and molybdenum deficiencies. 

Insects : Cabbage loopers, diamond back moth caterpillar, aphids, leaf 
miners, cutworms, wireworms* Try .Bacillus thuingiensis (Dipel, Biotrol, 
Thuriclde) for loopers, disnond back moth, imported cabbageworm. 

Diseases : Bacterial black rot (Xanthoponas), bacterial soft rot, and leaf 
spots lik? Alternaria, Cercospora, and downy mildew. Foliar fungicides will 
help control dowuy mildew and leaf spots. Don't grow cabbage family members 
on the same land within 2 years of each ether if possible. Clu'j root and 
Fusarium yellows are 3 other soil-borne diseases * 

Nematodes: Susceptible cp rootknot , sting, cyst , and seveial other nema- 
todeis. 

Con sider growing COLLARD S : Collards ar£ -a 'no*.- beading cabbage and have 2 
advantages: They»re much ^higher in vitamin A (50-60 times higher) than cab- 
bage, .tolerate heat better , and can be harvested leaf by leaf « Cabbage loop 
control i$< easier Jince there's no hand for tfr - co hide in. 
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CHINESE CABBAGE 



TArne til Harvest: 70-90 days after direct seeding 

Ch aracteristics , One of the easiest and most productive vegies in t'» trto- 
ics, although xc prefers c< oler weather. Tolerates direct field plautina 
well. Doesn't store or ship as well as cabbage. Can be cookei o? eaten* 
fresh. Forms a s^mi-loose cylindrical head. Can be harvested at maturity 
when heads are 6-9" across or you can pick the ou.er leaves as they reach 
£Z r£ u ^ tength; RSW ° neS 4,111 COntinue ^eloping for mtny weeks . 

SfJn ta ? 8 /' i ?, £or ?' tylng the leaves to e e£ ^ at the top and bot- 

tom will help blanch (whiten) the leaves. 



CUCUMBER 

Time til harvest : 45-65 days 

jggfl* yleld; 0.8-3.2 kg/sq. meter depending on conditions 

Characteristics-: Prefers hot weather but does best under low humidity sood 
root system buc easily burned by fertilizer. numxoity, good 

Fresh market (slicing), vs. pickling cucumbers: Most pickling ^ces arn 
black spined while fresh, markat ones are white spined. WS varieties, turn a 
creamy color when matuve., but DS varieties turn yellowish orange ins.lde." 
Fresh market cukes are long and narrow while pickling types are short and 
fat, but they can be used interchangeably. 

I^ffiag? S^ 1 ^* ; f 8t ° f ?* 8taada, 1 °P en -P°ilinated varieties have 
a mix of male and female f .Lowers (monoecious). Male flowers open first but 
dqn t eet fruit. Female flowers open about a week later— you can tel «<-m 
by the miniature cuke right beneath the flower. Many of the new hybrids ~are 
grnoecious- they have nearly all female flowers; they're pacteged^ith a Sw 
normal seeds (dyed for identification) to supply pollen. They have higher 

rfS? H en ^f J 9ften ^ tter di8ease resistance. All varieties are pol- 

linated by bees, and commfVcial growers in the U.S. use 1 hives ror every 3-5 
acres . Apply insecticides only in the late afternoon (when bees have re- 
turned home) to ayoid- bee kill during flowering. Don't use Sev^n since ics 
residue is to:;ic to bees for 7-12 days. 

Varieties: Here's a list of some of the more common fresh market varieties 
and their characteristics: 

Ashley.: Open-pollinated, dark green, 7-8" long, early to midseason, resis- 
tant to downy mildew, fairly tolerant o powdery mildew. Until 
recently, all varieties were of the vining type. How there are 
several bush varieties which take up less space. 
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Poinsett: Dark green, 8-8-1/2" long, mid-season; tolerant to downy 
and powdery mildew, anthrancnose, and angular leaf spot 
(bacteria) . Open-pollinated, 

Victory; A gynoecious hybrid, 7-8 H long, dark green, early variety, 
resistant to down mildew, moderately tolerant to powdery 
mildew, scab, anthracnose, and angular leaf spot. 

Gemini: A gynnoecious hybrid, draw green, 7-8" long, mid-season, 

tolerant to downy mildew, powdery mildew, scab, mosaic, and 
anthracnose* 

* 

Sprint: Dark green gynoecious hybrid, 7-9" long; high tolerance to 
scab; tolerant to angular leaf spot, cucumber mosaic, downy 
mildew, powdery mildew, and one race of anthracnose. 

Slicemaster : Gynoecxous hybrid, dark green, early variety, 7-9" long; 

high tolerance to anthracnose, scab, mosaic, angular leai 
spot, and downy and powdery mildew. 

Row vs. H ill Planting— Trellising uses less space and produces more 
attractive fruit (straighter). 

Row planting is the best system when, trellising is used, riant 4-5 
seeds per foot and thin to one plant every 10-12" with the rows 4-5 ft. 
apart. Plant on a slight ridge, especial' during the rainy season. Use 

3- f t. rows if treliised. 

In hill planting, sow G seeds per hill and thin down to 3 with the rowc 

4- 5 ft. apart. The "hill" should be a slight mound, but first dig out a 
2-f t« diameter hole about 12-18" deep and fill with well rotted manure or 
with compost about half way up. Mix in soil and build up the mound so it's 
about 3 r or so above ground in the center (don't make It too high or it 1 11 
tend- to dry out quickly). Space the hills about 3 ft. apart. Hill planting 
makes for easier watering. 

Fertilizing : see squash next page. 

Insects: Cucumber beetle, vine and fruit borers, aphids, 1 a f miners, flea 
beetles, stink bugs, cutworms, armyworms. 

Nematodes: Very susceptible to rootknot and sting nematodes 

Diseas^ Eowny mildew (likes high humidity), powdery mildew (more common 
under low humidity), cucumber mosaic virus (transmitted by aphius from wild 
host plants and other cukes), angulai leaf spot (use copper base fungi- 
cides), scab and anthracnose. The mildews, scab, and anthracnose can be 
controlled with fungicide sprays. 

Other tips: Train vines into the row tn keep them out of pickers 1 way— 
stepping on them greatly reduces the yieldc Harvest starts about 7-10 days 
after female flowering. 

Bitterness: Most likely caused by lack of H 2 0 or too much varia tion in 
soil moisture. 
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SQUASH 

Time til harvest : 50-60 days (summer squash) 

85-125 days (winter squash) 

Good yield : 2-8 kg/sq. meter, depending on conditions 

Sumner vcu Winter Squash : Sumer squash varieties are bred to be picked in 
the young tender stage; winter squash types are picked in the mature hard 
stage. Zucchini and Yellow Crookneck are summer squash types; butternut and 
acorn squash are. winter types. Each country has many native varieties 
(especially winter types) but they tend to be low yielders (but good disease 
resistance). 

Vining vs . Bush Varieties : Vining types need 8-10 ft. between rows,, bush 
types need ^bout 5 ft. between rows. 

Flowering and fruiting : Like cucumber, squash has both male and female 
flowers; only the females produce squash. Pollination ia by bees. Commer- 
cial growers in the U.S. use one hive per 3-5 acref. Aplply insecticides in 
the later afternoon when bees have gone home to reduce bee kill; don't use 
Sevln during flowering since its residue is toxic to bees for 7-12 days. 

Planting: Use the "hil?" method as with cukea and plant 6 seeds, thinning 
down to 3 plants. Plant vine types in hills 3 ft. apart with about 8-10 
ft* between rows; plant bush types in hills 3 ft. apart with 5-6 ft. 
betwsen rows. 

Fertilizer: Good managers can use up to 75-100 lbs. kg/Ha. N/acre 
(kgs./Ha.) with 1/3 applied at planting along with 50-125 lbs. /A (kgs./Ha.) 
P2O5 and K2O according to the soil's estimated P and K status * Use 
the half-circle method at planting and make it 3-4** deep and 4" from the 
seeds. Instead, you can broadcast the NPK fertilizer over the hill and work 
it in well (use this method if you have chucked in a lot of organic matter 
when making the hill; it'll help protect the broadcast P from tie-up). 

Insects^ Diseases , Nematodes : Sea cukes 



ONIONS 

Time till harvest : 100-140 days (bulb onions) 

45^-60 days for green onions 

Good yield : 1.5-6 kg./sq. meter (bulb onions) 

Sulb vs. Green Onion s: Bulb varieties can be eaten as green onionc if 
harvested early (plant , em close together so they'll form long vhite stems 
instead of bulbs). True green bunching onions have no distinct bulb but 
continue to form new shoots during the growing stison; these multiplier 
types are sometimes called scallions. 
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D* vlength a^d Bulb Production : Some oaion varieties need long days (14 
hoars or more) to bulb. Bermuda types will oulb under short days but 
Spanish and American types won't. If you 1 re closer than latitude 24* to th± 
Equator, daylength never exceeds 14 hours even on ',hs ? >ngest day. Bulb 
doions usually do best if planted so that bulb maturation occurs during the 
time of the year when daylenth is increasing. 

Bulb Onion Varieties ; Bermuda onions store poorly (yellow types store 
better than white types but still no more than a few weeks at best). Here 
are some short daylength varieties and their characteristics: 



Yellow Bermuda: Flat bulbs, soft-mild, short storage life. 



Tropicana: 


Red, 


resistant to purple blotch disease, pungent, stores 


well. 




Red Creole 


C-5: 


Red skinned, resistant to purple blotch, small, very 






pungent, stores well. 


Texas Grano 502: 


Large size, yellow skinned, stores well. 



G ranex: Hybrid, very resistant to pink root disease. Both yellow and 
~" white skinned varieties rre available. 



Excel: Akber skinned, medium size, very resistant to pink root 
disease. 

Bcla^. s: White skinned, very resistant to pink root. 

Early Grano : Straw colored, soft^mf.ld, short storage life. 

Direct Planting vs. Transplanting : Direct planting bulb onions speeds up 
maturity by about £ month. The catch is that onion seedlings need abundant 
and uniform n»isture which is more easil;r provided in a nursery seedbed. 
Weeds are also more of a problem with direct planting. Onions are ready for 
transplant when stems are about pencil size. 

Fertilizer : Good managers can apply up to 100 lbs. Ik N (1/3 at planting or 
transplanting) and 50-150 lbs. P2O5 and K2O per acre (kgs./Ha.) de- 
pending on the soil's P and K status. Use the band method and place the NPK 
fertilizer 3-4 n deep and 2* fron the row (2-3" if transplanting). 

Insects: Thrips, leedE miners, cutworms, 'wirewormr 

Diseases : Purple blotch (Altermaria) , Botrytic leaf blight, and downy 
mildew can be controlled with foliar fungicides? pink foot can be controlled 
.with resistant varieties or using soil fumigants like Vapam. 

Nematodes : Onions are very susceptible to rootknot, sting, and several 
other types of nematodes. 



Other tips: Emerging seedlings are very easily .damaged by windblown par- 
ticles like sand so windbreaks may be needed in some cases. Maintaining a 
unifora moisture content is especially important once bulbs start maturing; 
water should be cut down during maturation since excess water encourages the 
sprouting of new roots which hinders curing. 
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WHEN TO HARVEST VEGETABLES 



BEANS , green ; Harvest bush beans while the pods will still "snap" and 

before they become lumpy* Bush bean varieties have a harvest 
period of about 2-3 w_eks; pole (vine) varieties have a 6-8 week 
harvest period, end the pods are picked when large and thick* 

BEETS ; Ready to harvest as soon as they're 1—1/4— 2** in diameter (about 
k51f ball size). Sugar content increases wi'ch age but so does 
toughnens. 

BROCCOLI ? Harvest just after the individual flower buds become distinguish- 
able but before the .lusters begin to op( n and turn yellow. Cen- 
ter head is usuall> J-6 M across; side shoots continue developing 
after center head is cut and will reach 1-3* in diameter. Making 
a slanting cut may help prevent stem rot. 

CABBAGE : Can be harvested as soon as the head has formed since flavor 

doesn't change much with maturity — you 1 11 sacrifice yield though. 
Use a sharp knife and cut close to the head. Heads will some- 
times split during hot weather when large; twist the plant about 
1/4-1/2 turn til you hear some of the roots snap; — it'll slow 
growth and reduce splitting (do it near maturity). If bacterial 
s^ft rot is a problem, dip knife and stem of cabbage in a 1% 
solution of household bleach in water (10 c.c. bleach per 
liter). 



CARROT ; Harvest can start when the roots are about V 
crown; don^t let 1 em get more than 1-1/2". 



in diameter at the 



CANTALOUPE (Muskmi/'on ) : A common guide is the ease of melon removal from 
the vine;f v fully ripe ones (called "full slips") separate easily 
and leave a clean stem cavity; full slips have poor storage life 
except under refrigeration* Half slips are leos mature and take 
more pressure to detach (about half of stem next to the melon 
remains attached) and store longer. Both full and half slip 
melons are fully netted and the color has changed from cucumber 
green to mottled green and light yellow. 

CAULIFLOWER : Timely harvest is important tc prevent ricey or fuzzy curds. 
If weather is warm, heads can mature within 3-5 days after 
blanching (see below) starts but, can take up to 2 weeks in cooler 
weather. Mature heads are fully developed, compart, 2*ijd clear 
white; about 6" is the best size for harvest. Use u large kuife 
to cut the heads from the plants and leave one or ^ore sets of 
leaves attached to protect the curds; avoid overmature, open 
heads • 

Blanching ; Curd becomes discolored and sometimes off-flavored if ex- 
posed to sunlight; when small, they 1 re protected by the inner 
leaves; as curds enlarge, in most varieties they force the inner 
leaves apart, so blanching is needed. Gather longest leaves to- 
gether over the curd and tie with foft twine; since the plants 
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mature at different rates; you'll need to go through the field 
every 2-3 days to do blanching* using different color twine each 
day will aid in maturity detection. Some self-blanching varie- 
ties are available • 

CHARD » Swiss ; Harvest outer leaves first as they reach tender maturity 
(blade will be about 6-10" long); new ones will continue 
. developing* 

CHINESE CABBAGE: There are 2 ways to harvest Chinese Cabbage: 



1. 



2. 



Harvest when heads are solid and 6-8" across. Cut with a 
knife at the base of the head and remove any dead, yellowed 
or dirty leaves around the outside. It doesn't store or ship 
as well 1 as regular cabbage; the heads can be packed loose in 
boxes or first rolled in newspaper. Letting the heads wilt 
b^ore boxing them helps prevent breakage — buyers ca~i recrisp 
them by soaking thee for a few minutes. 

Harvest the outer leaves as they reach about 6-8" in length; 
new ones wiR continue developing for many veeks. They 1 11 
also be much higher in vitamin A due to better sun exposure 
(i.e. compared to the paler leaves inside a head). 

CBAYOTE ( ttuisquil, Vegetable Pear) : 25-30 days after fruit set. 
COLLARDS: Two ways to do it: 

1. Harvest outer leaves when full size but still tender. 

2. Harvest the entire plant at once before leaf stems become 
tough and fibrous. 

CUCUMBER : Fresh market (slicing) cukeo can be picked at any size, but a 

medium size, dark green cuke is best. Don't let them reach the 
full yellow ripe stSge since it'll reduce total yield. Picking 
shoidd be done every 2-3 days; hold the vine and twist off the 
fruit (pulling may damage vines). 

EGGPLANT : Higher totai yields are attained if the fruits are picked before 
reaching full size; they're ready anytime after the fruit is 1/3 
size with skin showing a slick luster; skin should be firm to the 
touch. If the seeds are brown or th* skin remains indented after 
being pressed with the thumb, it's over-ripe. Cut off the fruit, 
don't pull, leave the calyx (cap) attached to the frui* Handle 
carefully to avoid bruislag* 

GARLIC : Ready to harvest after the tops have died; in rich soil, tops may 
need to be broken* over to prevent too much top growth. Plants 
are pulled and placed in windows with tops covering bulbs to pre- 
vent sunscald. Curing takes several days and can be done indoors 
. if rainy. 
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LETTUCE ; Leaf lettuce is ready as soon as the leaves are big enough; the 
~ entire plant can be harvested or you can pv -long the harvest (up 

to 2 nonths or more) by picking the outer leaves as they 

develop. 

MUSTARD : Pick outer leaves when 4-6 M long; plant will continue producing 
new leaves. 

NEW ZEALAND SPINACH ; Pinch off about 3- of branch tips with leaves; more 
side shoots will keep appealing* 

QKRA ; Pods art usually picked 3-5 days after flowering when 2-3** long; 

pick pods daily to keep plant producing and to avoid overmatur- 
ity. Okra deteriorates rapidly after harvest. 

ONIONS ; Can be harvested either as green bunch or mature bulbs; suitable 
for green bunch harvest from the time they're pencil size. As 
future bulb stage nears, some of the tops will fall over at the 
neck. Break over all tops at this time to assure: uniform matur- 
ity. In the dry season, they -can be cured in the field — shade 
the bulbs with the tops to minimise sunscald. One half to one 
inch of top is usually left on the bulb to prevent disease 
entrance. 

Once way to speed up maturation and get lavger bulbs is to bre^ 
over the tops when the outer leaves turn yellow; 2 weeks later, 
loosen the bulbs by pushing a spading fork beneath them and lift- 
ing slightly; in another 2 weeks, lift them out after they're 
dried; spread out in a warm, airy place for a few days to cure, 
then braid 'em together and hang f em up. 

PEPPER ; Bell peppers are usually picked while still green (before they 
turn yellow or red); they can be harvested for home use when 
quite youngs but the fruit will wilt quickly. Cut, don't tear 
the fruit from the plant and leave a portion of the stem on the 
fruit. 

POTATO ; Can be harvested at any size but usually best _ let them grow to 
full size (until the vines die off), barring market considera- 
tions. The vines should be dead before harvest for 2 reasons; 
(1) So the skins will ••set" (harden); (2) To prevent transfer of 
late bX' **>t spores from the vines to the tubers which can cause 
them to rot; viiies can be killed by topping or with Gramoxone or 
Reglone. Handle carefully to avoid bruising. 

RADISP; Harvest can start as soon as they reach small acorn size. On^e 
ygufa bigger than 1 M , they begin to split and get hot and pithy. 
Normal harvest is 3-4 weeks after planting. Use the tops as 
greens (much- higher in vitamins, minerals). 

SQUASH ? S umme r varieties like Zucchini and Yellow Crookneck are ready 
when the thumb makes an imprint on the skin; winter types are 
ready when the skin ras/^o thumb pressure; cut off the fruits, 
don't twist or pull (avoids vine damage). 
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SWEET POTATOES : Best way is to dig up a few and see if they're the size 
you want: small fruits have more flavor end are easier to bake; 
large tubers mean larger yields. Yellowing of the lower leaves 
is usually a sign of approaching maturity, 

TOMATO : For canning and pasta, harvest fully ripe, for local markets, 
pick at the hard ripe to pink stage. For distant shipping* at 
the mature green stage. The longer they can be left on the vine, 
the higher the quality. Mature greens ripen in 6-20 days at 70°F 
and don't color faster at higher temperatures; keep out of sun; 
ripen best in dark. 

Mature green teat : Cut cross-wise with a Sharp knife; if the 
seeds give way without being cut, it's mature; fruit also has a 
brownish ring at the stem scar after the calyx (cap) is removed, 
and the light green color at the blossom end has turned yellow 
green. 

Hard >ripe stage : nearly all red or pink but fiesh is firm. 

Over-ripe: Fully colored but soft. 

Leaving fruits on the vine won't reduce yields. 

TURNIPS : When roots reach 2 to 2-1/2" in diameter; use the tops as greens; 
they 're* much higher in vitamins and minerals. 

WATERMELON : Don't harvest immature or won't have good flavor or color; 
here's several tests: 

1. "Thump" test : Green ones have a metallic ring; mature ones, 
a muffled sound. 



2. Watch the tendrils (pig tails) on the stem near the fruit; 
the 1st tendril going to the fruit will die (wither) first, 
but don't pick yet; wait til the tendrils on either side of 
the one attached to the fruit die. 

3. Watch bottom of melon where it rests on the ground; when it 
changes from white to light yellow with little or no green, 
it's ready. 

4. The rosloa will lose its shine and have a slight cast to it. 



Leave about 2" of stem attached to the fruit when picking. 
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INTRODUCTION TO INSECTS AND INSECT CONTROL 



I. SOME IMPORTANT FACTS ON INSECTS 
How Insects Damage Plants 

Insects can often be identified by the type of damage they cause: 

1* Chewing and Boring Insects 



a « Caterp illars are larvae cf moths . They damage ;lants by feed" - 
ing onMeaves and making holes in them or by boring into 
stalks, pods," and maize ears; The cutworm caterpillar is 
unusual in that it lives in the soil and emerges at night to 
cut off plant stems near ground level • 

b. Beetles feed on plant leaves and chew holes in them; some 
beetles of the weevil family bore into pods and seeds and 
deposit eggs inside. Certain beetles can also transmit 
bacterial and virus diseases. 

c. Most beetle larvae like white grubs , wireworms , and rootworms 
live in the soil and damage roots and the underground portion 
of the stem by chewing or boring. A few beetle larvae such as 
those of the Mexican bean beetle and Colorado potato beetle 
live above ground and feed on leaves. 



Aphids , leaf hoppers , stinkbugs, harlequin bugs , whiteflies , and 
mites have p iercing and sucking raouthparts and feed on plant 
sap from leaves, pods, and stems. They transmit a number of 
plant diseases , especially viruses . Sucking insects do not 
make uoles in the leaves but usually cause leaf yellowing, 
curling, or crinkling* 



Insect Life Cycles 

A general understanding of insect life cycles will also help you iden- 
tify insect problems in the field. Beetles and moths go through a complete 
metamorphosis (changes in form) of ' stages, while aphids > leafchor ars, 
whiteflies and other sucking insects go through only 3 stages. 

(Adult stage) (larva) 

MOTH ►EGG ►CATERPILLAR ►PUPA 

(Does no damage) (Usually feeds on leaves) (Dormant stag*. 



2. Sucking Insects 



turns into a 
moth) 



(Adult stage) 
BEETLE 



--►EGG 



►LARVA 



■-► PUPA 

(Dormant stage; 
turns into a 
beetle.) 



(Feeds on 
leaves, pods) 



(Grubs, wireworms, 
rootworms , etc • Feed 
on plants rotts.) 
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(Adult stage) 

APHIDS, LEAFHOPPERS, H'G ►nymph 

STINKBUGS , WHITEFLIES, Ct^v* i\u , a 

other snnawr tmcpptc (Looks like a miniature 

OTHER SUCKING INSECTS ddult . 8Ucks 8ap al6p; 

turns into the adult 
stage.) 



!!• HOW TO IDENTIFY INSECTS AND THEIR DAMAGE 

1. BE OBSERVANT 1 Troubleshooting takes practice, but a sharp «~s is 
essential. When walking through a field, closely examine the 
plants for insects or their damage symptoms. Check both sides of 
the leaves since many insects prefer the undersides of leaves. A 
magnifying glass can be very -helpful. 

2 * Identifyin g insect Damage :* Very often you"L. be able to identify 
insects by the damage they cause. 

a. Holes in leaves: Caterpillars, beetles, crickets, snails, and 
slugs; snails and slugs aren't insects but do attack plant 
foliage (look for slime trails on leaves). Caterpillarr, leave 
green or brown sawdust-like excrementc 

b. Wilting: Soil insect. ike white grubs and wireworms if root 
feeding or tunneling of the underground portion of the stem h&s 
been seriouu; stem tborers . Remember that wilting can be caused 
by other factors Vtcro: dry soil , very high temperatures , root 
rots , bacterial and f u ngal wilts , and nematodes . 

(1) Dig up the affected, plantn and check the root system and 
underground * 6h of the stem for insect and disease 
damage; 1( « for soil insects. 

(2) Slit Che stem lengthwise with a pocket knife and check for 
borers or rotted tissue 

c ' r ^af curling, crinkling , or yellowing: Sucking insects, e?pe- 
cially aphids, leaf hoppers , and mites . Viruses and some nutri- 
ent deficiences also produce these symptoms. N ematodes avid" 
poor drainage cause yellowing too. 

3 * Identifying Insects: Spend time with locally experienced extension 
workers in the field and have them point ou to the prevalent crop 
insect pests (and beneficial predator insects^ in your work area. 
Zsek out host country or regional insect guides such as extension 
bulletins. The publications listed below are also very useful: 

Insect Pests, a Golden Guide, Geo. Fichter, Golden Press, New York. 
Available from Dept. M, Western Publishing Co.,, 1220 Mound Ave., 



* 



Refer also to the troubleshooting guid . to common crop probler- ott pp. 
158-162. 
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Racine Wisconsin, U.S.A. 53 »04. $1.95 plus postage. A good gen- 
eral guide that includes man/ insects with their scientific and- 
common names. - 

Agricultural Pests of the Tropics and Their Control , D. Hill, 
Cambridge University Press, London, 1975. 

Field Problems of Beans in Latin America , CIAT, Apdo. Asreo 6713, 
Call, COLOMBIA. $5.60 plus postage. 

III. THE USE OF SCIENTIFIC NAMES FOR INSECTS 

Each insect is known by many different local names throughout the 
world, which can make proper identification confusing. Fortunately, all in- 
sects (as well as plants, animals, and diseases) are assigned standardized 
scientific names derived from Latin. 

Example : The corn earvorm has been given the scientific names of 

Heliothis zea . The first word of the two part name refers 
to the insect's genus and the second part of its species . 

Host country agronomists and extension workers may often refer to insects 
using their genus such as "heliothis". Farmers will usually use local names 
for insects. Since this genus-species is being continually revised, an in- 
sect may have more than one commonly used scientific name; for example, the 
fall armyvorm has had its scientific name changed from Laphygma frugiperda 
to Spodoptera frugiperda . When referring to several insects of different 
species that are all within the same genus, publications will often place 
the abbreviation M spp. M after the genus. Thus, Heliothis 8 pp . refers to 
several types of heliothis caterpillars. 

IV. METHODS OF INSECT CONTROL AND THEIR EFFECTIVENESS 

Let's compare the effectiveness of non-chemical , chemical , and inte- 
grated insect control methods: 

NON-CHEMICAL METHODS 

Natural Balance 

Many natural controls act to keep insects in balance: 

Weather factors like temperature and rainfall can restrict the dis- 
tribution of an insect species; for example, mites and leaf hoppers 
are usually more prevalent under dry conditions. 

Geographic barriers like large bodies of water, mountains, and 
deserts can also limit insect distribution. 

Frogs, toads, lizards, moles, and birds are some of the many 
animals that feed largely on insects. 

Beneficial predator insects like lady bugs feed on aphids, while 
others like the btaconid wasp and tachinid fly lay eggs on or in 
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certain pests which are killed by the developing larvae. Some 
predator insects like praying mantis also eat beneficial insects as 
well, however. 

5. Insects are also attacked by viruses, fungi, and bacteria which 
help keep populations down. 

As agricultural activities have increased, many of t;*ese natural 
balances have been upset and can no longer be relied upon to keej, harmful 
insects under control. Monoculture and the existence of vast areas under 
cropping have led to marked increases in a number of insect pe6ts. Many of 
the traditional crop varieties, despite their lower productivity, have bet- 
ter insect resistance than some of the improved varieties. Indiscriminate 
use of pesticides has also resulted in an actual buildup of harmful insects 
in some cases. 

Biological Control 

Biological control is the purposeful introduction of predators, para- 
sites, or diseases to combat a harmful insect species. About 120 different 
insects have been partially or completely controlled by this method in vari- 
ous parts of the world. Microbial insecticides such as Bacillus thuringien- 
sis (effective against a few types of caterpillars) are now commonly used by 
farmers and gardeners in many areas. Unfortunately, biological control mea- 
sures are presently effective against a very small portion of harmful insect 
species. 

Cultural controls 

Cultural controls such as crop rotation , intercropping , burying crop 
residues , timing the crop calendar to s-void certain insects, and controlling 
weeds and natural vegetation that harbor insects are all effective control 
methods for some insects. In most cases, however, cultural controls need to 
be supplemented by other methods. 

Varietal Resistance 

Crop varieties vary considerably in their resistance to certain in- 
sects . For example, maize varieties whose ears have long, tight husks show 
good resistance to earworms and weevils; CIAT found that some bean varieties 
were relatively unaffected by leaf hopper damage during the wet season, while 
others suffered yield losses up to 40%. Screening for insect resistance is 
an important part of crop breeding programs. 

"Organic" Controls 

"Organic" control refers to non-chemical methods in general, including 
the application of homemade "natural" sprays made from garlic, pepper, 
onions, soap, salt, etc., and the use of materials like beer to kill slugs 
and wood ashes to deter cutworms and other insects. Some of these "alterna- 
tive" insecticides are slightly to fairly effective on small areas like home 
gardens and where insect populations are relatively low. They are seldom 
feasible or effective on larger plots, especially under tropical conditions 
that favor insect buildup. 
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CHEMICAL CONTROL 



Chemical control refers to the use of commerical Insecticides in the 
form of sprays, dusts, granules, baits, fumigants, and seed treatments. 
While some of these insecticides like Ba-illus thuringiensis, rotenone, and 
pyrethrin are naturally derived, most are synthetic organic compounds that 
have been developed through research. 

Advantages of Insecticides 

1. Rapid action. 

2. They are the only practical means of control once an insect reaches 
the economic threshold of damage on a commercial size plot. 

3. Insecticides are available in a wide range of properties, specks 
effectiveness, and application methods. 

A. They are relatively inexpensive, and their proper usage can often 
return $4-$5 for every $1 spent. 

Disadvantages of Insecticides 

l ' Insect resistance to pesticides is a growing problem. In 1961, 
about 60-70 species had developed resistance to certain products, 
and the number had increased to around 200 by the mid-1970' s. 

2 * Outbreaks of secondary pests : Few insecticides kill all types of 
insects, and some actually promote the increase of certain pests. 
For example, continual use of Sevin (carbaryl) i n the same field 
may increase problems with some types of aphids which it doesn't 
control well. 

3 * Damage to non-target species such as beneficial predators, bees, 
and wildlife. 

4. Residue hazards: Some chlorinated hydrocarbon compounds like DDT, 
Aldrin, Endrin, Dieldrin , and Heptachlor are highly persistant - !^' 
the environment and may accumulate in the fatty tissues of wild- 
life, livestock, and humans. It's important to realize that many 
other insecticides are broken down into harmless compounds fairly 
rapidly. ' 

5. Immediate toxicity: Some insecticides are extremely toxic in small 
amounts to humans and animals. Again, it's important to realize 
that insecticides vary greatly in their toxicity. 

Current Status of Insecticide Use 

At the present time and for the immediate future, insecticide usage 
viLl often be an essential part of any package of improved practices for the 
reference crops. For this reason, we urge all ag field workers to learn the 
basic principles of s afe and effective insecticide application . Even rhn^h 
you may be personally opposed to these chemicals, you should realize that 
farmers throughout the LDC's are using them, often in an unsafe and indis- 
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criminate manner* Most of these countries have few, if any, pesticide regu- 
lations- or restrictions on environmentally harmfully products like Aldrin or 
highly toxic ones like Parathion. By instructing farmers in safety precau- 
tions and in the appropriate choice aud use of insecticides, the incidence 
of human poisoning and possible environmental damage can be greatly re- 
duced* 

INTEGRATED PEST CONTROL 



The disadvantages of total reliance on insecticides have given rise to 
integrated pest control or pest management which involves the judicious use 
of these chemicals based on the following guidelines and principles: 

!• The development and use of cultural and other non~chemical control 
methods to avoid or reduce insect problems* 

2. (Economic Threshold) Determining crop tolerance to pest damage 
based on the principle that complete freedom from pents is seldom 
necessary for high yields . Nearly all plants can tolerate a sur- 
prising amount of leaf loss before yields are seriously affected . 

3# The appropriate timing and frequency of treatments to replace rou- 
tine, preventative spraying • Treatments are not initiated before 
the particular insect has reached the economic damage threshold 
which will vary considerably with the species* Insect scouting and 
population counts are an essential part of this systenw 

The advent of integrated pest control dates back to the early I970 f s. 
and much of the efforts have been directed at cotton where insecticides fre- 
quently account for up to 80% of total production costs . Some remarkable 
successes have been achieved with other other crops as well* , In terms of 
the reference crops, integrated pest control is still in the very early 
stage, especially in the LDC's. 
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•SOME "ORGANIC" ( NON-CHEMICAL ) PEST CONTROLS 



CUTWORMS: Place a collar made of cardboard or a paper cup around the stem 
so that it extends from about 2 cm below the soil surface to about 5 cm 
above ground. Don't place the collar deeper or you may restrict the root 
system of the transplant. Wrapping the stem with several layers of news- 
paper or a couple layers of tin foil works great too. So do small juice 
cans or beer cans cut down to the right size. 

SLUGS & SNAILS: Stale beer (or water and yeast) placed in shallow pans in 
the garden is very effective at attracting and drowning the critters. 
However, If the container is placed on top of the mulch, slugs are unlikely 
to reach it. Other remedies are: 



1. Place a wide board on the ground in the late afternoon. By next 
morning, lots of slugs and snails can be found under it; crush 
them. 



2. Sprinkling coarse sand, wood ashes, lime, or diatomaceous earth 
around the plants 1 base will repel them. (Caution: too much lime 
may raise the pH too much.) 

3. If using mulch, keep it several inches away from the plant rows; 
slugs like to hide and feed under it. 

4. Keep the field clean of weeds and debris. 



ANTS: Pouring boiling water over nests is very effective for fire ants. 
Steamed bone meal supposedly repels ants (don't try making your own bone 
meal out oi' old cattle bones; they can harbor dangerous anthrax disease). 

NEMATODES 



!• Crop rotation : Sometimes difficult or impractical since most types 
of nematodes have many crop hosts (see section on nematodes later 
on in this tech reference package). 

2 * Resistant crop varieties : Varieties of a crop will vary in their 
resistance, and some (i.e. Roma VFN and Better Boy VrN tomatoes, 
Nemagold sweet potatoes, and others) are good enough to rate the 
name "nematode resistant variety". Check out what f s available in 
your host country. 

3. Plowing up roots of nematode infested crops right after harvest 

will expose them to sunlight and drying, which will kill many of 

the nematodes; however, many are likely to be left in the soil 
itself. 



Flooding : One month of flooding followed by a month of drying and a 
further month of flooding will greatly reduce nematode problems but 
is seldom practical. 
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5# Antagonistic plants; Many organic garden books suggest interplant- 
ing marigolds among susceptible crops to control nematodes. Unfor- 
tunately, research has shown that marigold species vary in their 
nematode fighting ability which is also limited mainly to certain 
t types of nematodes (root knot, root lesion). Furthermore, nema- 

f todes aren't killed by marigolds but only repelled or starved out; 

^ * this means that interplanting marigolds among susceptible crops 

] isn't effective, since the nematodes still have a food source. You 

j would need to plant marigolds solidly and exclusively for a few 

| months. (See p. 270) 

Tvo legume green manure or cover crops > Crotalaria spectabilis 
I (showy crotalaria or rattlebox) and Indigofera hirsuta (hairy 

! indigo) can reduce populations of most types of nematodes. Showy 

crotalaria is poisonous to livestock. 

6 * Good soil fertility and high organic matter levels help somewhat. 

7. Sugar ; 8 kg of sugar/sq. meter worked into the top 15 cm of soil 
is said t0 control root knot nematodes; this may be worth a try if 
J you're in a low cost sugar area. 

A 

COCKROACHES: 1 lb. boric acid crystals mixed with 1 can of condensed milk 
(tho thick, sugary stuff). Make pea size pellets out of this, place on 

J pieces of tinfoil and use one per room. Will keep a year under refrigera- 

1 tion. Results vary from mediocre to fairly good. 

. BIRDS; Soaking large seeds like maize in turpentine before planting may be 
^ a fair repellant to seed eating "birds. An effective method for vegetable 

gardens and larger plots is continuous string flagging which uses cloth or 
plastic streamers 5-6 cm wide and 50-60 cm long. The streamers are attached 
at 1.5 meter intervals to string twine which is strung along heavy stakes at 
least 1.2 m tall which are spaced about 15 m apart. 

ANOTHER CUT WORM REMEDY ; Tie wild or cultivated onion stems around the stems 
of susceptible plants at the soil surface. 

CORN EARWORM; Inject 1/4 of a medicine dropper 1 s worth of mineral oil into 
the tip of each corn ear; begin as soon as silks appear and repeat every 3 
days until silks begin to brown. 

HAND PICKING; Very feasible for small areas and larger insects like beetles 
and caterpillars. 

INTERPLANTING GARLIC AND ONIONS among other crops to repel insects; Gives 
pc r to sometimes fair control of some insects, but don't rely on it under 
high insect pressure. 



BENEFICIAL PREDATOR INSECTS ; Lady bugs, lacewing bugs, tachnid flies, 
braconid wasps, praying mantids are among the more common. Where they occur 
naturally, they can make a big contribution. Trying to introduce them is 
seldom effective, since they tend to disperse. 
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BIOLOGICAL INSECTICIDES 



1. Bacillus thruingiensis (Dipel, Thu^icide, Biotrol): Made from a 
natural bacteria that kills many types of caterpillars such as 
cabbageworms, earworms, armyworms, and hornwormsc Non-toxi c to 
humans and animals . Slow acting — insects don't die immediately 
but stop feeding within a few hours; apply while they're still 
young for best results. 

2. Bacillus popillae : Causes milky spore disease in Japanese beetle 
grubs and some other beetle grubs when applied to the soil. 

HOMEMADE ORGANIC SPRAYS 

All of them except nicotine spray (which isn't really "organic") will 
only repel some types of insects to varying degrees and may need daily 
application* 

Bug Juice Spray : You need a strong stomach for this one, and it's of fickle 
effectiveness. Collect up to half a cup of a bad guy insect like cabbage 
loopers, stinkbugs, etc. Add 2 cups of water, place in a blender , and whiz 
it up. Organic Gardening says this solution can be diluted up to 1:25,000 
but that sounds like a misprint! Try it 1:5 or 1:10 for starters. Use it 
within an hour or two or freeze it to prevent possible contamination by 
Salmonella bacteria (food poisoning). Clean your blender well. In some 
cases, bug juice ectually attracts insects; cutworm juice is known to 
attract cutworms. Some success has been reported with aphids, cabbage 
loopers, and stinkbugs plus a few more. Don' t use flies, ticks, fleas, or 
mosquitos since they may harbor diseases or parasites. 

Plant Juice Spray : Find a non-poisonous weed or plant leaf unbothered by 
insects; choose smooth leaf plants, not hairy ones, and then dilute no more 
than 5 fold with water. Wormwood is said to kill slugs, crickets, and 
aphids • 

Hot Pepper Spray : Grind hot pepper pods and mix with an equal amount of 
water. Add a little sol > powder. Try it at a 1:20-1:30 dilution with 
water. Be sure to strain it well before putting it in the sprayer tank. 

Garlic-Pepper-Soap Spray : 4 crushed garlic cloves, 4 tablespoons hot pep- 
per, one cake of strong soap, one cup of hot water. Strain and dissolve in 
2-4 gallons warm water. Use as a general purpose spray. Results are vari- 
able. 

Citrus and Banana Peel Spray : Let banana and citrus peels soak in a pail 
for several days. Spray the mixture on plants and place the spent peels at 
their base. 

Milk Spray : Using milk full strength is deadly to many bugs but what a 
waste of protein! By the way, it's been shown that dipping one's hands 
periodically in milk or a powdered milk solution when transplanting tomatoes 
can significantly cut down the spread of mosaic virus by contact from plant 
to plant. 
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Salt Spray : A tablespoon in 2 gallons of water supposedly gives fair to 
good control of cabbage worms; 2 tablespoons/gallon supposedly controls 
spider mites but test a plant or two for leaf burn first with the spray. 

Molasses spray: Diluted 1:50 with water and used as a general purpose 
spray. Sounds doubtful* 

Vegetable oil ; Apply with a sprayer; may kill insects by plugging up their 
pores* 

Soap spray : For soft bodied insects like aphids, thrips, whiteflies, mites 
but not leafhoppers. Vegetable or plant derived soaps are better for this 
than petroleum derived ones. 

Nicotine Extract : For sucking insects like aphids, leaf hoppers, whiteflies 
thrips, and spider mites along with many other non-suckers. Most effective 
during warm weather. Soak 1-2 cheap shredded cigars overnite in 1 gallon 
water. Strain and add one teaspoon of household ftetergent. CAUTION : 
Nicotine is poisonous to humans and animals; it can be absorbed through the 
skin in harmful amounts. It can also spread tobacco mosaic virus to 
tomatoes, peppers, eggplant, and potatoes. 

MISCELLANEOUS 

Flour : Sprinkle on cabbage plants in early morning when dew is heavy* 

Supposedly controls cabbageworms and their moths by sticking to them and 
then hardening as it dries out. 

Wood ashes : May repel some types of insects of sprinkled on plants; if 

spread in a ring around plants and moistened, they may repel cutworms. 
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USING CHEMICAL INSECTICIDES 

Before using any insecticide, be sure you've read over and understood 
the Safety Guidelines on pp. ?.27-228. 

SOME IMPORTANT FACTS ON INSECTICIDES 

Pesticide Terminology 

Pesticid e,: A general term referring to chemicals that control .u-op insects, 
weeds, diseases, and nematodes. 

Miticide (acaricide) : A pesticide that kills mites; mites are more related 
to spiders than insects and not all insecticides will kill them. Some pest- 
icides like dicofol (Kelthane) control only mites, while others like Diazi- 
non (Basudin) and Malathion kill mites and other insects. Sevin (carbarvl) 
won\t control mites. 3 

Nematocide: A pesticide that kills nematodes (see p. 268). A few insecti- 
cides like Furadan and Mocap will also control nematodes, but most will not. 
S ^L ne o at ° C ?-? eS llke Neraa S° n control only nematodes, while others like 
vAPAM, Basamid, and methyl bromide are general soil sterilants that kill in- 
sects, weeds, fungus, and bacteria as well. 

How Insecticides Kill Insects 

Nearly all modern insecticides are contact poisons that kill insects by 

Jj llrl B l f r ° Ugh thelr b0dleS * C:mtact P° isons act ** stomach poisons 
if eaten by insects. ■ - 

S ystemic vs. Non-Systemic Insecticides 

ST.JK'lSlSlSl" are ^"Tf emlc and are not absorbed into the plant. 
' inn^S ^ ?? 3 ! e absorbed int0 the P^nt sap, and most are trans- 

located (transported) throughout the plant. Most systemic Insecticides like 
M etasystox , Dimethoate (Rogor, Perf ekthion) , and Lannat e are sprayed on 

SiTLff i \ &Se \ °J h ^ S Uke Furadan > Thimet » and Mroon are applied to 
the soil in a band along the crop row where they are absorbed by the plant 
roots and then translocated to the stems and leaves. Some of these soil 
applied systemics will also control certain soil insects. 

When choosing between a systemic and non-systemic insecticide, you 
should consider the following: y 

1. Systemic insecticides are especially effective against sucking in- 
sects like aphids, leaf hoppers, stinkbugs, and thrips since these 

?T 0I L?, ? S3P * However » ma ny non-systemic contact insecti- 
cides will also control sucking insects adequately. 
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2. Most systemics are less e£. active against caterpillars and beetles 
but may give good control of some stem borers , 

3. Foliar applied systemics may remain In the plant for up to 3 weeks. 
Soil applied systemic* may provide control for up to 6 weeks. How- 
ever, this also means that they must not be applied close enough to 
harvest time to cause residue problems . 

4. Most systemics will not harm beneficial insects * 

5. Foliar applied systemics are not broken down by sunlight or washed 
off the leaves by rainfall as with non-systemics. 

6. Since they are translocated, systemics don't require uniform spray 
coverage when they are applied to the leaves. New growth occuring 
after application is also protected. 



7. Some systemics like Thimet, Di-syston, and Systox are highly toxic 
both orally and dermally. However, the same is also true with some 
non-systemics like Parathion and Endrin. See pp. 251-257. 

types of Pesticide Formulations 



Most insecticides are available in several types of formulations: 

1. WETTABLE POWDERS, SOLUBLE POWDERS : These range in strength from 
25-95% active ingredient and are meant to be diluted with water and 
applied with a sprayer . Wettable powders are often abbreviated as 
*'WP" or "W"; for example, Sevin 50 W is a wettable powder contain- 
ing 50% pure Sevin by weight. Once mixed with water, wettable 
powders require periodic agitation (shaking or stirring) to keep 
them from settling to the bottom. Soluble powders ("SP") are 
completely soluble and do not require agitation. 

2. EMULSIFIABLE CONCENTRATES ("EC" or **E M ) are high strength liquid 
formulations. Like wettable powders, EC's are meant to be diluted 
with water and applied with a sprayer . They contain about 20-75% 
active ingredient (pure chemical). 

Labeling Systems for EC's : In countries using pounds 4 and gallons, 
a label that reads "Malathion 5 E" would refer to a liquid formula- 
tion of vualathion that contains 5 lbs, active ingredient per gal- 
lon . Where, liters and grams are used, EC's are often labeled in 
terms of grams of active ingredient ner liter; for example, Tamaron 
600 is a liquid formulation of Tamaron containing 600 grams of 
active ingredient per liter . 

3. DUSTS ("D") : Unlike WP's and EC's, dusts are low strength formula- 
tions (about 1-5% active ingredient) and are meant to be applied 
without dilution by a duster . Dusts are usually more expensive 
than WP's or EC's due to higher transport costs per unit of active 
ingredient; however, if dusts are blended within the country, they 
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may be competitive cost-wise and are especially suited to situa- 
tions where a farmer has difficulty tranporting water to his field. 
They do not stick to the leaves as well as sprays and are more 
easily washed off by rainfall; retention is improved if they are 
applied while the leaves have dew on them. Dusts pose more of an 
inhalation hazard than sprays. They should never be mixed with 
water* 

4. GRANULES ( M G W ) ; Like dusts, granules are low-strength formulations 
meant to be applied without dilution. They're especially well 
suited for soil ^applications and for placement in the leaf whorls 
of maize and sorgno to control armyworms. Granules can't be 
effectively applied to leaves," because they roll off. Furadan 3G 
is a granular formulation that contains 3% pure Furadan. 

5. BAITS are usually the most effective formulation for controlling 
cutworms , crickets , slugs , and snails . Most contain about 3-5% 
active ingredient mixed with a carrier like sawdust, bran or corn 
meal; usually an attractant like molasses is also added. Commer- 
cial baits may be available in your country, but it's usually 
cheaper to make them up on the farm. 

6. FUMIGANTS are available as pellets, granules, liquids, and gasses 
whose fumes kill pests. They are used to kill insects in stored 
grain or applied to the soil to kill insects, nematodes, and other 
pests. 

Chemical Classes of Insecticides 

Most manufactured insecticides fall into 3 main chemical classes or 
groups: 

1. CHLORINATED HYDROCARBONS (Crganochlorines): Most of the insecti- 
cides in this group such as DDT , Endrin, Aldrin , Chlordane , and 
Heptachlor have long residue lives and have caused environmental 
problems. However, other members like Methoxychlor are readily 
biodegradable. Toxicity to humans and animals varies greatly with- 
in this group (See pp. 251-257.) 

2. ORGANIC PHOSPHATES (Organophosphates); OP's such as Malathion , 
Dipterex (trichlorf on), Diazinon, and Parathion have much shorter 
residue lives than most of the CH's. Their toxicity to humans and 
animals varies greatly. Some like Parathion > TEPP, AND Thimet are 
highly dangerous, while others like Malathion , Gar dona , and 
Actellic are among the safest chemical insecticides available. 

3. CARBAMATES : Relatively few chemical insecticides belong to this 
group and they tend to be of moderate to low toxicity for humans 
and animals. However, a few like Furadan and Lannate (methemyl) 
have high oral toxicities. Sevin (carbaryl) and Baygon (propoxur) 
are probably the best known carbamate insecticides. The residual 
life of the carbamate group varies from short to moderate. 
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INSECTICIDE SAFETY GUIDELINES 



K READ AND EOLLOW LABEL INSTRUCTION^ : If the label is vague, try and 
obtain a descriptive pamphlet. Not all insecticides can be applied 
to all crops; inappropriate use can damage plants or result in un- 
desirable residues* The label should state the minimum allowable 
interval between application and harvest . 

2. Never buy insecticides that come in unlabeled bottles or bags; you 
o| may not be buying what you think. This is a serious problem in the 

LDC f 8 where small farmers often purchase insecticides in Coke 
bottles, etc. 

3. When working with farmers, especially those using backpack sprayers 
instead of tractor sprayers, NEVER use or recommend those insecti- 
cides in toxicity Class 1. Their safe use requires extraordinary 
precautions and safety devices (gloves, special respirators, pro- 
tective clothing, etc.). Whenever possible, avoid using Class 2 
products. Unfortunately, extension pamphlets in many LDC f s com- 
monly recommend Class 1 and Class 2 products.* 

•* 

4. If using Class 2 insecticides, wear rubber gloves and a suitable 
respirator (good ones cost $15-§25), as well as long pants and long 
sleeve shirt; vesr rubber boots if using a backpack sprayer. This 
clothing should be washed separately from other garments. 

5. Don't handle plants within 5 days after treatment with a Class 1 
insecticide or with Gusathion (Guthion). Don't handle plants with- 
in one day of using methyl parathion. « 

6. Class 1 and 2 insecticides are likely to be enpecially "omaion in 
tobacco and cotton growing areas. 

7. Don't smoke or eat while applying pesticides; wat.h up well after- 
wards. 

8. Repair all leaking hoses and connections before using a sprayer. 

9. Prepare insecticide solutions in a well ventilated pl ^e, prefer- 
ably outdoors . 

10. Never spray or dust on very windy days or against a breeze. 

11. Notify beekeepers the day before spraying. 

12. Insecticide poisoning hazards increase in hot weather . 

13. Store insecticides out of reach of children and away from food and 
living quarters. Store them in fieir original labeled containers # 
which should be tightly sealed. 



* Refer to toxicity table on pp. 251-257. 
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Leftover spray ©inures should be poured into a hole dug in the 
ground well away from streams and wells. 



15# Don f t co ntaminate streams or other water sources with insecticides 
either during application or when cleaning equipment. 

16 • Make sure insecticide containers are never put to any other use . 

Burn sacks and plastic containers (don't breathe the smoke): punch 
holes in metal ones and bury them. 

17 • Make sure that farmers are well aware of safety precautions. It's 

important that they understand that insecticides vary greatly in 
their toxicity, but that all are dangerous. 

18. Make sure that you and your client farmers are familiar with the 
symptoms of insecticide poisoning and the first aid procedures 
given below. 

19. Observe the minimum application to harvest interval for the partic- 
ular insecticide and crop involved. (See table on p. 231.) 

A Special Note on ALDRIN T DIELD RIN, ENDRIN, DDT, HEPTACKLOR, and CHLORDANE : 
Use of these chlorinated hydrocarbon insecticides has been severely re- 
stricted or banned in the U.S. and several other countries due to their per- 
sistence in the environment, fish kill, and accumulation in the body fat of 
humans and animals. Few LDC's have enacted pesticide regulations, so expect 
to see these freely marketed. 

What about Fungicides?: Except for mercury based fungicides vsed for seed 
treatment like Agallol , Semesan, and Cerosan, fungicides pose relatively 
little hazard to health. Their oral toxicity is comparatively low, and 
there is little danger of dermal absorption. Some may cause allergies in 
sensitive people through skin contact and can be eye irritants as well. 

What about Herbicides?; PARAQUAT (Gramoxone) has an unusually high oral 
toxicity and even a small amount can be fatal. Give clay or activated char- 
coal (mixed with water) orally immediately to deactivate the poison. 

RELATIVE TOXICITY RATINGS FOR INSECTICIDES 

Insecticides vary greatly in their relative toxicity to humans which is 
Measured in terms of an LD 50 rating (LD * lethal dosage). The LD50 
rating indicates the amount of 100% strength chemical (i.e. active ingredi- 
ent) needed to kill 50% of the test animals (usually rats or rabbits). Both 
oral and dermal (skin absorption) ratings are determined. 

Before using any insecticide, you should be aware of its particular 
LD 5 q rating. Ratings for most insecticides can be found in the toxicity 
tables on pp. 251-257. 

HI* SYMPTOMS OF INSECTICIDE POISONING 

Organic Phosphates & Carbamates (Parathion, Malathion, Sevin, etc.) 
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Both groups affect manuals by inhibiting the body»s production of the 
enzyme cholines terase which regulates the involuntary nervous system 
(breathing, urinary and bowel control, and muscle movements). 

Initial Symptoms t Dizziness, headaches, nausea, vomiting, tightness of the 
chest, excesssive sweating, These are followed or accompanied by blurring 
of vision, diarrhea, watering of the eyes, excessive salivation, muscle 
twitching, and mental confurion. Tiny (pinpoint) pupils are another sign. 

Late Symptoms; Fluid in chest, convulsions, coma, loss of urinary or bowel 
control, loss of breathing. 

NOTE: Repeated exposure to these organic phosphate and carbamate insecti- 
cides may increase susceptibility to poisoning by gradually lowering the 
body s cholines terase level without producing symptoms. This is a temporary 
condition. Commercial insecticide applicators in the U.S. usually ha v r 
their cholines terase levels routinely monitored. 

Symptoms of Chlorinat ed Hydrocarbon Poisoning (Aldrln , Endrin, Chlordane. 
Dieldrin, etc.) L 

Apprehension, dizziness, hyper-excitabllity, headache, fatigue, and 
convulsions. Oral ingestion may cause convulsions and tremors as the first 
symptoms . 



IV. FIRST AID MEASURES 



1, 



In severe poisoning, breathing may stop which makes mouth to mouth 

resuscitation the first priority,- use full CPR if the heart has 
stopped. 

2. If the insecticide has been swallowed and the patient has not 

vomited, Induce vomiting by giving a tablespoon of salt dissolved 
in half a glass of warm water; an emetic like Emesis (syrup of 
Ipecac) may be more effective. This should be followed by 30 grams 
(1 oz.) of activated charcoal dissolved in water to help absorb the 
remaining insecticide from the gut.* 

3 « Get the patient to a doctor as soon as possible. Bring along the 
Insecticide label. 

4. In the meantime,. make the patient lie down and keep warm. 

5. If excessive amounts are spilled on the skin (especially in the 
concentrate form), immediately remove clothing and bathe the skin 
in generous amounts of water and soap. 

6. If the eyes have been contaminated by dusts and sprays, flush them 
immediately for at least 5 minutes with copious amounts of water; 
insecticide absorption through the eyes is very rapid. 



* Activated charcoal is made by heating charcoal to drive off its absorbed 
gas ses . 
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WHAT ABOUT ANTIDOTES? 

Whenever possible, antidotes should be given only under medical super- 
vision. Too much or too littJe can be fatalt If the patient is unconscious 
or vomiting, antidotes need to be injected. 

Antidotes for Organic Phosphate Insecticides 

Atropine (atropine sulfate) is the general antidote, especially in the 
early stages. Diazepam (an anti-convulsant) is often used along with atro- 
pine. 2-PAM (2-pyridine aldoxime methiodide) is used in the advanced stages 
of organic phosphate poisoning where atropine becomes ineffective. 

Atropine Doaage ; Usually 2 tablets (l/100th grain each) are given immedi- 
ately, followed by additional dosages at hourly intervals until the pupils 
of the eyes dilate (enlarge). Up to 0.3 grains per day (30 tablets) may be 
given to control respiratory symptoms if needed. CAUTION 1: Atropine may 
give only temporary relief of what may prove to be a serious case of poison- 
ing; if treatment is halted too soon, symptoms may reappear. DO NOT TAKE 
ATROPINE AS A PREVENTATIVE! 

Antidotes for Carbamate Insecticides 

Use atropine as above. DO NOT USE 2-PAM for carbamate poisoning* 
Diazepam (an anti-convulsant) is often used along with atropine. 

Antidotes for Chlorinated Hydrocarbon Insecticides 

Diazepam or phenobarbitol are often used to control convulsions. 



WARNING ; Do not treat lightly what appears to be only a mild case of poi- 
soning. Always seek medical attention> especially when antidotes 
have already been used — they may wear off and bring on a reoccur- 
rence of symptoms. 



BEE POISONING HAZARD OF PESTICIDES 

Most bee poisoning occurs when insecticides are applied during the 
crop's flowering period. Spray drift is another hazard. Avoid bee kill 
by: 

1. Not applying insecticides toxic to bees when crops are flowering. 

2. Not dumping unused quantities of dusts or sprays where they might 
becom' a bee hazard; bees wilL sometimes collect any type of fine 
dust when pollen is scarce. 

3. Using insecticides of relatively low toxicity and residual effect 
for bees. 

4. Plugging up or covering the hive entrances the night before spray- 
ing and then reopening them once the residual effect is over. 
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MINIMUM APPLICATION TILL HMTOSY INTERVALS FOR SOME 
COMMON INSECTICIDES 



Hininum Applicati on til Harvest Intervals for somn common Inaectlcldcs i Alvays check 
the Insidticide label for further information. 



Summer 

1KS5CTTCIDC Dean?; Cabbnqe RadLsi* Turnip Onion Eggplant Pepped Tomafco Lettuce Cucumber Squash 
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0 


0 
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10 


2 


10 
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( Tama r on) 
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methyl (Meta 

systox-R) 








7 E 


oc 










Trichlorfon 

(Uipperoxr 

Dylox) 


21 C 




2d D 




21 


21 


28 F 







A* 14 days for collars 

B» If tops are to be used at feed 

C. Not more than twice per season 

D. Don't use tops for feed or food 
E* Hot tore than 3 tlxaes per aeanoa 
C» 28 days for collards 
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Hone, of the- fungicides is toxic to bees? the aaae is true with most 
herbicides, although Gesapria (AAtrex, Atrasine) and the 2, 4-D type herbi- 
cides are low to eoderats in toxicity . 

Here's a partial guide to the relative toxicity of various insecticides 
for bees* Note the difference in residual effect* 





WHEN APPLIED AS A SPRAY 




Insecticide 


Toxicity to Bees 


Residual Effect 


Aldrin 


Very high 


Several days 


Diazlnon 


High 


One day 


Dipterex 


Low to High 


2-5 hours 


Lebaycid 


Very high 


2-3 days 


Kelthane (dicofol) 


Low 




Methyl parathion 


High 


Less than one day 


Malathion 


Moderate (liquid) 
High (wet table powder) 


Less than 2 hours 
Less than one day 


Metaaystox 


Moderate 


None 


Dimetboate 


Very High 


1-2 days 


Sevixi 


Moderate to High 


7-12 days 



V. GUIDELINES FOR APPLYING INSECTICIDES 
When is Treatment Necessary? 

1. Farmers should apply insecticides in response to actual insect 
problems rather than on a routine and indiscriminate basis* Ideal- 
ly > insecticides should be used only when damage has reached the 
economic threshold which varies with insect species P the crop, and 
the type and extent of damage • 

2. General guidelines (see also the unit on major reference crop 
insects): 

a» Soil insect problems should be treated prevent atively in the 
sense of making pre -plan ting or at-planting insecticide appli- 
cations if a known problem exists* Treatments after planting 
are generally not effective except in the case of cutworm 
baits* 

Leaf eating insects (beetles, caterpillars): Crops can toler- 
ate considerable defoliation as long as new leaves are being 
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continually produced. However, loss of leaf area becomes more 
serious as the vegetative stage nears Its end, although defoli- 
ation in the very late stages of grain development won't have a 
big effect on yield. 

c. When present, stem borers usually cause more serious damage at 
much lower populations than most leaf eating insects. The 
sorghum shoot fly, sorghum midge / and one species of bean leaf- 
ho PP er (Bmpoasca kraemeri) are other examples of insects that 
reach the economic threshold of damage at relatively low popu- 
lations. 

d. Sucking insects: Not all species of aphids and leaf hoppers 
spread virus diseases. For example, CIAT found that bean 
yields were reduced about 6Z for each Empoasca kraemeri ieaf- 
hopper present per leaf, even though this species does not 
tiansmit any viruses. Bean plants can tolerate aphids well un- 
less they are of a species capable of transmitting comtoan bean 
mosaic virus • 



USING A SPRAYER EFFECTIVELY 
Achieving the Correct Coverage 

The extent and uniformity of coverage needed depend on the insects* 
location and whether or not a systemic insecticide is being used- In some 
cases such as'arrayworms feeding in the maize leaf whorl, the insect is' very 
localized, so general coverage isn't needed- Other insects are n»re general 
feeders and require thorough spray coverage over the whole plant- Since 
they are translocated, systemic insecticides do not require as uniform cov- 
erage as non-systeraics. 

How. Much Hater is Needed for Adequate Coverage? 

This varies with plant size, density, type of product (systemic vs. 
non-systemic), and insect location, but here are some rough guidelines: 

Water rat es for insecticides : When covering the entire foliage of full 
size plants, use at least 500-550 liters of water per hectare (55-60 
gals. /acre) when using conventional sprayers- When spraying is local- 
ized or plants are very small, water volume may be only 1/4 this 
amount . 



You can tell if too much spray is being applied if there is a visible 
amount of runoff from the leaves, although this can also be caused by not 
\ using enough wetting agent (spreader; see below). 

Use a Spreader and 3 Sticker to Improve Coverage and Adhesion 

A spreader ( wetting agent ) reduces the surface tension of spray drop- 
lets, allowing them to spread out rather than remain as individual globules 
on the leaf surface. Spreaders markedly improve the uniformity of spray 
coverage and also help prevent droplets from rolling off the leaves. 
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A sticker ( adherent ) is a glue-like substance that helps the spray 
stick to the leaf surface and resist being washed off by rainfall or sprink- 
ler irrigation. 

Many commercial stickers and spreaders are available, including combi- 
nation sticker-spreaders. Some insecticide formulations already contain 
them (check the label), but many do not. In some cases, a sticker and/or 
spreader isn't recommended (check the label). If spraying the soil, neither 
a spreader or a sticker is needed; when spraying the leaf whorl of maize, a 
spreader isn't needed though a sticker might be helpful. Use of a sticker 
and spreader is especially important when applying roost foliar fungicides. 

Homemade stickers and spreaders : Egg white , cassava (yuca, manioc) 
flour, and corn starch can be used as stickers at about a tablespoon (15 cc) 
per 15 liters. Liquid dishwashing detergent makes a satisfactory spreader 
at about one half the above rate. Commercial stickers and spreaders are 
relatively cheap. Dissolved hand soap can also be used. 

Non-ionic spreaders : Paraquat (Gramoxone) and diquat (Reglone) post- 
emergence herbicides are unusual in that they require the use of special 
non-ionic spreaders in opder to avoid deactiviation (loss of effectiveness). 
Such spreaders do not ionize into + and - charged molecules as with most 
types. Ortho-7 7 is one commonly available non-ionic spreader. 

Choosing the Right Type of Spray Nozzle 

Spray nozzles are available in a wide variety differing in output, 
spray pattern angle , and type of sprsy pattern . Proper nozzle selection has 
an important influence on pesticide effectiveness. 

Nozzle Output : Many backpack (knapsack) sprayers come equipped with adjust- 
able nozzles which allow the farmer to vary the output by making the spray 
finer or coarser. This would seem to be an advantage, but ouch nozzles 
usually don f t maintain their setting well and output can change considerably 
during application; this is unsatisfactory where accurate dosages are neces- 
sary, and it makes sprayer calibration difficult. Fixed orifice nozzles are 
available in a wide range of outputs and should be used whenever possible. 

Spray Pattern Angle : See under flat spray nozzles below. 

Type of Spray Pattern : Care should be taken to choose the right spray pat- 
tern for the job* 

1« Flat (Fan) Spray Nozzles are ideal for making broadcast (full cov- 
erage) applications of insecticides or herbicides over the soil 
surface and small weeds. The application rate decreases at both 
edges, so the spray patterns of adjacent nozzles should be over- 
lapped about 3-4 fingers width at the soil surface to achieve even 
distribution (see boom sprayer guidelines in section H of this 
chapter). Fan nozzles don't provide as good a coverage as cone 
nozzles when used to spray crop foliage. Fan nozzles are avail- 
able in several different angles of spray width; wider angles 
allow the spray boom to be carried closer to the ground and this 
lessen spray drift problems on windy days. 
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2* Even Flat (Fan) Spray Nozzles should be used for making band 
applications of pesticides to the soil. Spray output does not 
decrease at the edges, so spray patterns should not be overlapped 
and used for broadcast applications. 

3# Solid Con e Spray Nozzles provide better coverage of plant foliage 
than fan nozzles but should not be used to apply herbicides and 
insecticides to the soil. 

4. Hollow Cone Spray Nozzles offer somewhat better foliar coverage 

than solid cone nozzles due to greater leaf agitation as the spray 
pattern passes over the plants. 

5 * Whirlchamber (nonclog) Spray Nozzles are special wide angle hollow 
cone nozzles that can be used in place of fan nozzles. Their 
design reduces clogging, and drift is minimized because of the 
wide angle pattern (enabling lower boom height) and larger droplet 
size. 



Nozzle Screens : Nozzles used on tractor boom sprayers usually have mesh or 
slotted strainers to help prevent clogging. Some backpack sprayers have 
strainers or can have them added on. Routine cleaning is required, espe- 
cially when wet table powders are used. 

Tips on Using Backpack Sprayers to Apply Insecticides 

1. Use good pressure and a fairly fine spray; pressure is too high if 
excessive spray drift (misting) occurs. 

2. Maintain a steady pace through the field; avoid pausing at each 
plant unless the crop is very large. 

3. Rotate your wrist while spraying so that the spray hits the foli- 
age from different angles. 

4. Keep the nozzle far enough away from the foliage so that the spray 
has a chance to spread out before hitting the leaves. 

5. If using a wettable powder, remember to periodically shake the 
sprayer to keep the pesticide in solution. 

6. Keep a piece of soft wire handy for cleaning out clogged nozzles, 
but use it gently to avoid damaging the nozzle opening. 

7. Don't spray plants when their leaves are wet or when rain is like- 
ly within a few hours afterwards. 

8. Don f t add wettable "powders or EC's directly to the sprayer tank 
but first mix them thoroughly in a bucket with several liters of 
water; make sure wettable powders are completely dissolved. 



- 235 



lie 



PESTICIDE COMPATABILITY 



Most pecticides are compatible with' each other in the spray tank, but 
check the label to make sure. In some crops like peanuts and vegetables, 
foliar insecticides and fungicides are often applied together. Maneb , 
Zineb, Captan, Manzate, and the Di thanes are compatible with most insecti- 
cides. Most copper base fungicides are incompatible with most insecticides 
lime sulfur and Bordeaux fungicides are incompatible with each other and 
nearly all other pesticides. 

Spray compatibility charts are available from many pesticide companies 
Water pH 

Water with a pH of 8.0 or above (alkaline) causes a rapid breakdown of 
organic phosphate insecticides like Malathion, Dipterex, and Diazion. Such 
high pH water is usually confined Co limestone or low rainfall areas. Spe- 
cial buffering agents are available to lower the pH if necessary. 

Plant Sensitivity to Insecticides 

Certain insecticides are phytotoxic (injurious) to certain crops. 
Always check the label instructions. 

Sorghym : Dipterex (trichlorfon) causes severe injury; Azodrin (Nuvacron, 
raonocrotophos) and methyl parathion cause some injury. 

Peanuts: Minor foliar injury which show up as reddish brown spots on the 
earliest leaves is sometimes caused by soil applications of 
Furadan (carbof uran) , Thimet, and Di-syston . The plants usually 
outgrow the damage with no yield reduction. Runner varieties on 
sandy soils are the roost sensitive, and dosage should be reduced 
by 25% under these conditions. 



NOTE: In the case of sensitive crops, wettable powder formulations tend to 
be less phytotoxic than EC's, especially at temperatures over 32°C 
(90°F). 
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General Effectiveness of Some Insecticides^ 

Most insecticides will not give satisfactory control of all t>pen of 
insects. Fot additional information in this jnahuai, refer to the insecti- 
cide descriptions and recommendations at the end of this section. In addi- 
tion, consult the recommendations put out £y your country's extenson service 
as well as the insecticide's label; ask for technical information from 
pesticide distributors • 
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1. These products pose safety and/or environmental hazards; see pp. 226-230. 

2. B. thuringiensis is effective only against certain caterpillars, among 
which are cabbage loppers and hornworms. 

3. Based on information from Table 2, p. 48 of Agric. Pests of the Tropics 
and their Control , D. Hill, Cambridge Univ. Press, London, 1975. 

NOTE: + « effective 

- « little or no effectiveness ( 
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VI. -SOME INSECTICIDE RECOMMENDATIONS FOR THE REFERENCE CROPS 



Contents : Baits for cutworms, slugs, and snails. 

General dosage recommendations for common insecticides and 
product information. 

Some specific insecticide recommendations for the reference 
crops. 

Some Important Advice 

1. Whenever possible, rely on the insecticide recommendations of your 
country's extension service if they are known to be effective and 
if they do not involve the use of high toxicity Class 1 chemicals 
(see pp. 251-257/). 

2. Before using any insecticide, refer to the safety guidelines on 
pp. 227-228 and toxicity data on pp. 251-257. Always know the 
relative toxicity and environmental hazards of the products you 
use or recommend. 

Baits for Cutworms, Slugs, and Snails 

Cutworms are most effectively controlled with baits rather than with Forays. 
Scatter the baits near the plants in the late afternoon if rainfall it un- 
likely. Don't leave the bait in clumps which might poison birds or live- 
stock. One kg of bait should cov« r about 400 sq. meters (430C *>q. ft.). 

Cutworm bait recipe : 

25 kg of carrier (sawdust, rice bran, maize flour, etc.) 
3 liters of molasses 

1 - 1.25 kg active ingredient of Dipterex (trichlorfon) or S evin 
( car bay 1) 

Add water, if needed, to make the bait moist 

Slugs and snails can be controlled by applying baits in the late afternoon 
in a band along the field's borders or within problem areas. Don't apply if 
rain is expected that night. 

Slug and snail bait recipe ; 

25 kg maize flour or bran 
10 liters molasses 

65 grams metaldehyde (a stomach poison of low dermal toxicity) or 0.5 
k S active ingredient Dipterex (trichlorfon) or 0.5 kg active 
ingredient Sevin (carbaryl). 
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Some Conversions 

} r T ^ SP °? N (meas " r ing type) - 3 teaspoons - 15 cc 

LITER -1000 cc - 1000 ml - 1. 06 U.s' quarts 
1 U.S. GALLON « 3.78 liters « 16 n o To* 
J FLUID 0UKCE - liVtri M lt£t - 
1 KILOGRAM « 1000 grams « 2.2 lbs 
1 POUND « 454 grams - o.454 kg 



Bacillus thuringiensis 
Diazinon (Basudin) 
Dimethoate (Perf ekthion) 
Dipterex (trichlorfon) 
Furadan (carbofuran) 



Kelthane (dicofol) 
Lannate (methoi^. v 
Labaycid (renthi \) 
Malathion 
Metasystox 



Methyl Parathion 
Sevin (carbaryl) 
Tamaron (Monitor) 
Volaton (phoxlm) 



encourage their use but so Ihlt S i J 516 ",*?"** are given below not to 
higher J.tes than needed! " le3St ^ 11 kn ° W lf farraers ™ 



BACILLUS THURINGIENSIS 

~*SWeSSl2i:-'^2 e f S? '"""I*— «*• <*« "I- only 
f™,i!. a !!. lar 5 e for . b ? st "suits. Needs no sticker-spreader for aost 



c i 7 ° UC5L Lesuxts. Needs no sticker 

diwif™: P Com P atible most other pesticides 



r — muaL o 

diluted spray for more than 12 hours, 
ular formulation. 



Don't store the 



Dosage varies widely with the partic- 



DIAZINON (Basudin, Diazol, etc.) 

effecSe r ^nte\ d L\ P 1e"c:pt^ Ud t i hf ST* ? ^ S ° U lnSeCtS but - 
bees (see p. 230) P f he MeXlcan bean be <^>- Highly toxic to 

Above-grou nd insect contro l 4 cc/liter or 1 f- a M oc / m 

25% EC or Basudin 40% WP. " cc/ilter or 1 tablespoon/gallon of Diazinon 



* 



p I p. y 24V a 2«r famlllar Wlth meth ° dS ° f Statlng " esticide *»«ge, refer to 
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(Diazinon, continued) 

Soil Insects: See the specific reference crop recommendations at the end of 
this unit. 



DIMETHOA T E (Perfekthion , Cygon, Rogor, etc.) 

A systemic insecticide of moderate toxicity to humans (Cl?ss 3). Spe- 
cifically for sucking insects (aphids, lejf hoppers , thrips, stinkbugs, 
mites, etc.) and leaf miners. Should provide control for 10-14 days. Don*t 
apply within 14-21 days of harvest. Highly toxic to bees with a 1-2 dav 
residual effect. 

General dosages for the 3 most common formulations (all EC's) are given 
below: 



Dosage 

Formulation of dimethoate Fl. oz/l00 gals. cc/100 liters 

200 grams active ingred. /liter 
400 grams a. i. /liter 
500 grams a. i. /liter 



13-26 
7-13 
7-10 



100-200 
50-100 
50-75 



DIPTEREX (Trichlorfon, Dylox, Danex, Klorfon, etc.) 

Provides fairly broad-spectrum insect control but not as effective on 
aphids, mites, and thrips. Dipterex causes severe injury when applied to 
sorghum. Low to high toxicity for bees with 2-5 hours residual effect. 
Class 3 toxicity for humans. 

General above-ground in sect control : 125-250 cc (100-200 grams) of Diptere: 
SP 95 per 100 liters of water or 5-10 cc (1-2 teaspoons) per gallon. 

Anayworms or earworms feeding in the leaf whorl of maize : Dipterex 2.5% 
granules give longer control than sprays ; apply a pinch in each whorl which 
works out to about 10-15 kg/ha (lbs. /acre) of granules. 100 cc of the 
granules weigh about 60 grams. 



FURADAN (Carbofuran) 

A systemic insecticide-nematocide available in 3 granular formulations 
(3%, 5%, 10%) and as a wettable powder. The pure strength chemical has an 
extremely high oral but very low dermal toxicity (see p. 133). Furadan is 
usually applied to the soil either in the seed furrow or in a band centered 
over the crop row; it kills soil nematodes and soil insects but is also ab- 
sorbed by the roots and translocated throughout the plant where it controls 
sucking insects, stem borers, and leaf feeding beetles and caterpillars for 
up to 30-40 days. Band treatments are recommended for root feeding soil in- 
sects, while seed furrow applications can be used for foliar insects. Fura- 
dan can also be band applied during the growing season if it is cultivated 
into the soil or can be applied to the leaf whorl or maize. 
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(Furadan, continued) 

XZ S ITZ HT C ° d ° ~ Pl-e in contact with 

KELYhANE - CMcofol, Acarin, Mitiyan, Carbax) 

Kills mites only; not harmful to beneficial in^rc r< 

^^^1^^^ ~ : -1t^?^7 e S non- 
slaughter animals. Ix,w tonicity (C^ s Jj" ' ™* C ° or 

general dosage: Use the 35% WP formulation at 4-5 cc oer I**-, e 

1 tablespoon per gallon. Use the 18 5? EC \r rV per iJ Uter of w "er or 

teaspoon per gallon. C at 1,5 cc per liter of w «er or 1 

LANNATE (Methomyl, Nudrin) 

A partially systemic carbamate insecticide esT*.ri*n„ „fc. 
caterpillars, beetlos, and anhids mil It 7 ! ^P" 1 *"-^ effective against 

beLi) ' J d3yS ° f harV6St 0n ^ anMs or ^ ^ans (3 days for green 

S£ arras =«c ss^^ssi«- 

LEBAYCID (Fenchion, Baytex, Baycid) 

suckit'wS 1 ^ 1 ^ , C ° XiCi < ty (Cl3SS 3) ° rganiC ph0S P hate for shewing and 
SceeJSr? ?5o»F ° S dlng f . mi 5 eS - ?° n ' £ ^ray plants when temperatures 
exceed 32 C (.90 i). Very toxic to baes with 2-3 days residual activity . 

General do sage for Lebavcid : Use Lebavcid 40% WP <i»- 1 5 o 

of waterf use Le baycid 50Z Ec at ^Tcjll^ of water 8 ^ ^ 



-MAUTHION (Cythion, Unithion, Malaspray) 

Pffp ^hroad-spectruin insecticide of low human toxicity (Class 4). Not as 
■ls decreased if mixed with water above pH 8.0 



- - 
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(Malathion, continued) 



Can be mixed with other pesticides except Bordeaux and lirae sulfur. Liquid 
formulations are moderately toxic to bees with less than 2 hours residual 
effect; wectable powder formulations are highly toxic but have less than 
1 day residual effect on bees. 

General dosage for Malat hion: 4-5 cc of Malathion 50% or 57% EC per liter 
of water (1 tablespoon/gallon). Use Malathion 25% WP at 12 cc/liter or 3 
tablespoons per gallon. 

ii2H£eh<^d;jises: For ants, cockroaches, and spiders, use Malathion 50% or 
57% EC at 40-50 c:c per liter of water or kerosene (10-12 tablespoons/ 
gallon). For fiens, use 40 cc/iiter of water. For bedbugs, use 20 cc/ 
liter of water and spray the slats, frame, rnd springs; spray mattress very 
lightly. Cythion is a special premium grade of Malathion with less odor. 

L ice on swin e: Use Malathion 50% or 57% EC at b cc per liter of water 

(2 tablespoons/gallon); don't spray pigs less than 1 month old. Repeat in 

2-3 weeks if needed. 

Lice or mites on poult ry: Use Malathion 50% or 57% EC at 20 cc per liter of 
water or-4.5 tablespoons/gallon; spray roostc and bedding at 1-2 liters per 
25 sq. meters (1-2 gals/1000 sq. ft.). 



METASYSTOX 

A systemic used mainly for sucking insects. High oral toxicity for 
humans; moderate for bees (no residual activity for bees). Won't harm bene- 
ficial insects. Gives control for 10-14 days. Most labels say not to add a 
sticker or spreader. Don't apply within 21 days of harvest. 

i 

General Dosage for Metasystox : Bayer Leverkusen recommends that its 25% EC 
formulation be used at 100 cc/100 liters of water or 4 cc/gallon. Use the 
502 at 50 cc/luO liters. 



METHYL PARATHI ON (Folidol M, Parathion M, Nitrox, etc.) 

Very toxic to humans both orally and dermally but commonly used by 
small farmers in many countries since it's effective against a broad range 
of insects. Methyl parathion is also very toxic to bees with a residual 
effect of less than 1 day. Rubber gloves* respirator mask (charcoal 
filter), full coverage clothing, and goggles should ideally be worn during 
application and mixing. Stay out of the field for a day after spraying. 
AVOID USING whenever possible. NEVER use methyl parachion's close relative, 
ETHYL parathion (E-605, Bladan, Niran, Folidol E, etc.) since it has an even 
greater dermal toxicity. 
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(Methyl parathion, continued) 

Don't apply within 14 days of harvest; check sprayer «r^uU y L^aks 
before application. Again, avoid asing whenever possible. 

SEVIN (carbaryl, Vetox, Ravyon, etc.) 

Can be applied right up to harvest time on the reference crops. 

Household dosages,: For cockroaches and ants, use as a 2.52 strength sorav 
(active ingredient basis); this equals about' 100 cc of Sevin 80 W f Jer Ser 
of water or 25 tablespoons per gallon; don't use more than twice a £ek. 

~ CkS ' J! 1 '!! £ -- eaS ' h0rn fll6S °" beef Ca£tl e - horses « swlne i Use 20 cc 
d^TofslaugSSr! 1 '" ° f WateC ° ^PPo»/g^.).' Don't spray within 5 

Mites, lice, fleas o n poultry ; Use at same rate as for beef Mff ip * nrl 
apply about 4 liter, pe'r 100 birds; don't appxAtM^lfy. If slater. 

TAMARON (Monitor, methamidophos) 

A broad-spectrum insecticide-miticide with systemic and contart 3 ,-Mon 

1*5 a v ox * to hu rr as meth ^ p" athi - - SJS ^ toxic" be c e S r ction - 

h?^ . P ° SSible ' F ° ll0W the Saoe safet y Precautions as for methyl 
parathion; don't use within 3 weeks of harvest. 7 

General dosage for Tamaron : Bayer's Tamaron 600 (600 grams a.i. t>er liter) 

2 S 0 IT^TTs iillrl^TJV "I Ut ! rS ° f W3ter (4 ^ USe Tamaron 400 at 
tv cc per 15 liters of water (see Appendix M). 

VOLAT0N (Valexon, phoxim) 

-^i A J 6SS C °?f and ^ rsistent replacement for Aldrin for soil insect con- 
SL instcts! " hUn,anS * A1S ° 3Vailable 35 3 Uquid foT 

General dosage for Volaron: Use the 2.3% granules at 60 kg/ha (lbs./acre) 
£ ^WlS/S f ° r br0adC3St ** into 
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VII. INSECTICIDE MATH AND DOSAGE CALCULATIONS 



This section applies to all types of pe:5:icides. There are 4 basic 
ways of stating dosages: 

1. Amount of active ingredient (pure chemical) needed per hectare or 
acreo 

2. Amount of actual formulation (i.e. Sevin 50 WP or Furadan 3 G, 
etc.) needed per hectare or acre. 

3. Amount of actual formulation needed per liter or gallon of water. 

4. As a percentage concentration in the spray water. 

Type 1 and J2 dosages are suited more to large plots or to those pesti- 
cides (especially herbicides) needing very accurate dosage application. 
Sprayer calibration (p. 248) is needed in both cases to determine how much 
water to use and how much pesticide to add to each tankful. 

Type 3 and ^ are very general recommendations best suited to smaller 
plots or where dosage accuracy is not critical. 

Let's look at each of these 4 types of dosages in detail to clear up 
any questions: 

AMOUNT OF ACTIVE INGREDIENT NEEDED PER HECTARE (ACRE) : For exam- 
ple, a dosage might be given as 2 kg active ingredient (a.i.) Sevin 
per hectare. This means 2 kgs. of pure (100%) Sevin. Since actual 
pesticide formulations vary in strength from 1% up to 95%, it takes 
some raath to figure out how much of a given formulation is needed 
to supply a given amount of active ingredient. If the local ag 
supply store sells Seven 50% WP, the farmer would need 4 kg for 
each hectare in order to supply 2 kg active ingredient. 

Note that nothing is said about how much water the farmer should 
mix with the pesticide when he sprays it on the plants. This will 
depend on plant size, plant density, and the degree of coverage 
desired. The only way to find out how much water is needed is to 
calibrate the sprayer. 

AMOUNT OF ACTUAL FORMULATION NEEDED PER HECTARE OR ACRE : For exam- 
ple, a recommendation calling for 4 liters of Malathion 50% EC per 
hectare or another one for 2.5 lbs. of Sevin 80% WP per acre. This 
type of recommendation is somewhat simpler than type 1 since it's 
given m terms of actual formulation rather than active ingredient. 
However, the farmer still needs to know how much formu lation he 
needs for his field's area and how much water it will take to pro- 
vide adequate coverage with his sprayer. This requires sprayer 
calih j-atiun . 

AMOUNT OF ACTUAL FORMULATION NEEDED PER LITER OR GALLON OF WATER : 
For example, 5 cc of Malthion 50% EC per liter of water or 2 table- 
spoons of Sevin 80% WP per gallon of water. This type of recommen- 
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da t ion is much more convenient than types i and 2 since no sprayer 
calibration or dosage calculation is needed. The drawback is that 
the actual amount of pesticide' the farmer actually applies on his 
field depends entirely on how fast he/she walks while spraying, how 
coarse or fine the spray is, and how much pressure is used. How- 
ever, if proper guidelines are follovjed, type 3 recommendations are 
precise enough for most conditions and are the n»st feasible for 
small farmers. They should not be used for most herbicides where 
accuracy of dosage is critical. 

4. AS A PERCENTAGE CONCENTRATION IN THE SPRAY WATER ; This is basical- 
ly the same as type 3, except that the concentration of pesticide 
in the spray water is given in terms of percent rather than cc/ 
liter or tablespoons/gallon. Such recommendations are usually 
based on percentage by weight , , although sometimes a volume basis 
is used when dealing with EC's (the actual differences are slight). 
In additon, the percentage figure given may refer to active ingre- 
dient or to actual formulation. We'll go over the calculations in 
the pesticide math selection below. As with type 3 recommenda- 
tions,, no sprayer calibration is needed, and dosage accuracy is not 
as good as with types 1 and 2. 

Pesticide Hath 

1. How to convert recommendations from an active ingredient basis to 
an actual formulation basis > 

a. For solid formulations (WP's, EC's, G's) 

kg/Ha or lbs. /acre Amount of a.i. recommended (kg/ha, lbs. /acre) 
of actual formula- = % active ingredient in tormulation 
tion needed 

Example : A recommendation for aphids calls for using Malathion at 
2 kg active ingredient/~hectare. How much Malathion 40% 
WP would be needed per hectare? 

Solution 

kg/ha of Malathion » 2 kg ■ 2 kg « 5 kg 
40% WP needed 40% 0.4 

b. For liquid formulations (EC f s) 

liters/ha of = kg/ha of a.i. recommended 

% a.i. in EC 



kg/ha of a.i. recommended x 1000 
grams of a.i. per liter of EC 

lbs. /acre of a.i. recommended 
lbs. of a.i. per gallon of EC 



EC needed 
OR 

liters /ha of 
EC needed 

Gallons/acre 
of EC needed 
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Example : How much Perfekthion 20% EC would be needed per 

hectare if a« recommendation for mites calls for 0.2 
kg a.io Perfekthion per hectare? 

Solution 

liters of Perfek- - 0.2 kg « 0^2 « 1 liter 
thion 20% EC needed 20% 0.2 

How to determine the amount of actual formulation needed for a 
farmer's field, given the dosage per hectare or acre. 

Once you know how much actual formulation is needed per hectare or 
acre, you can easily calculate how much is needed for farmers 
fields of varying sizes. 

Hectare basis 



Amount of formula- Amount of formula- 
tion needed for a * tion needed/acre X Field area (sq. m) 
farmer's field 10,000 

Acre ba3is 



Amount of formula- Amount of formula- 

tion needed for a =» tion needed/acre X Field area (sq. ft.) 
farmer's field 44,000 



Example : The local extension service recommends applying Volaton 
2.5% strength granules broadcast at 120 kg/ha for con- 
trolling soil insects in maize. If Leticia r s field 'mea- 
sures 35 x 40 meters, how much Volation will she need? 



Solution 



kg of Volation 2.5% granules = 120 x 1400 sq. m = 16.8 kg 
needed for Leticia's field 10,000 sq. m 

How to follow a percentage strength spray recommendation . 

Determine first whether the spray's percentage strengths to be cal- 
culated in terms of active .ingredient or in terms of actual formu- 
lation . For example, you might see a recommendation for 2% 
strength spray in terms of pure Malathion for controlling household 
fleas; another recommendation might call for using a 0.1% strength 
spray in terns of Lebaycid 50% EC for controlling thrips on 
peanuts • 

Use the mecric system : Percentage spray calculations are much sim- 
pler in the metric system compared to using lbs., oz., and gallons. 
1 liter » 1000 cc (or Ml); 1 liter of water weights 1 kg (1000 g); 
1 U.S. gallon - 3.78 liters; 1 lb. - 0.454 kg * 454 g; 1 kg « 2.2 
lbs. 



- 246 - 



127 



a. For wettable powders 

When using WP's, a percentage strength spray is based on weight 
of pesticide to weight of water* Since 1 liter of water weighs 
1 kg, we can use these formulas: 

Active ingredient basis 

Grams of wettable power * % strength spray desired x 
1000 

needed per liter of water % a.i. in wettable powder 

Example ; How many grams of Malathion 40% WP should be added 
per liter of water to make up a 2% strength spray (active in- 
gredient basis) for controlling household fleas? 

Solution 

Grams of Malathion 40% WP - 2% x 1000 - 20 « 50 g 
needed per liter of water 40% 0*4 

NOTE : Remember that in order to multiply by percent you first 
must move the decimal point two places to the left 
(i.e. 2% 0.02; 0.1% * 0.001). 

•. 

Actual product basis 

Grams of wettable powder » % strength spray desired x 1000 
needed per liter or water 

Example : How much Dipterix SP 95 is needed to make up a 0.15% 
strength spray (actual product basis) for controllig 
armyworms in maize? 

Solution 

Grams of Dipterex SP 95 « 0.15% x 1000 - 0.0015 x 1000 « 1.5 g 
needed per liter of water 

b. For liquids (EC's) 
Active ingredient basis 

cc (ml) of EC needed « % strength spray desired x 1000 
per liter of water % a.i. in the EC 

Example ; How much Malathion 57% EC should be added per liter 

of water to make up a 2% strength spray (active in- £ 
gredient basis) for controlling household fleas? 

Solution 

cc (ml) of Malathion 

57% EC needed per « 2% x 1000 « 20 * 35 cc (ml) 
liter of water 57% 0.57 
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HOW TO CALIBRATE BACKPACK AND TRACTOR SPRAYERS 



When and W hy Should Sprayers be Calibrated? ; The farmer should cali- 
brate his/ her sprayer when a pesticide needs to be applied at an accurate 
dosage in order to avoid applying too much which wastes money and mieht in- 
jure the crop or to avoid applying too little which might make the product 
ineffective. When working with small fields, farmers can usually use gener- 
alized recommendations given in cc/liter or tablespoons /gal Ion for insecti- 
cides and most fungicides . However, most herbicides require more accurate 
application which means that sprayer calibration is usually needed. 

The Principles Involved 

When a pesticide recommendation is given in terms of kg/ha or lbs. /acre 
of active ingredient or actual product, the farmer needs to kn , 2 things 
before he/sha can apply the correct dosage: 

1. The amount of pesticide needed for his/her particular field. 

2. The amount of water needed to convey the pesticide to the plants or 
soil and give adequate coverage. 

Once these are known, it's a simple matter of mixing the correct 
amounts of water and pesticide together and then spraying. 

CALIBRATION OF BACKPACK SPRAYERS 

NOTE: Only backpack sprayers with continuous pumping action should be used 
wnen calibration is needed; compression type sprayers (the garden variety 
that needs to ba set down to be pumped up) are not suitable because of their 
uneven pressure. 

STEP_1: Fill the sprayer with 3-4 liters of water and begin spraving the 
soil or crop using the same speed, coverage, and pressure that will be used 
in applying the pesticide. Measure the area covered by this amount of 
water. Repeat this procedure several times to determine the average area 
sprayed. You can measure the area in terms of sq. ft., sq. meters or in 
terms of row length. — 

STEP_2: Based on the area covered, you can calculate the amount of water 
needed to covei the field. For example, if 3 liters covered 60 sq. meter 
and the field measures 20 x 30 meters, it would take 30 liters of water to 
cover the field. 

STEPJ3: Determine the number of sprayer tankfuls of water needed to cover 
the field. For example, if the backpack sprayer holds 15 liters, it will 
take 2 tankfuls co cover the field. 

STEP_4: Determine how much actual pesticide is needed for the field. If 
4 kg of Sevin 50% wettable powder are needed per hectare and the farmer's 
field 1S 600 sq. meters, this would mean that 240 grams of the insecticide 
are required. Here's how we worked it out: 
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600 sq. m « ^ X grams 
10,000 sq. m sOOO grams 

x * 240 grams 

STEP 5 : Divide the amount of pesticide needed for $he field by the number 
of sprayer tankfuls of water to determine how much pesticide is .needed per 
tankful: " ' . 

240 grams Sevin 507. WP « 120 $r*inu? Seyin/ternkful 

2 tankfuls 

NOTE: A sprayer should be recalibrated each time it's used on a different 
crop, different stage of crop growth, or when another pesticide is used. 

Alternate Method Using Row Length 

When a pesticide is to be applied to a crop grown in rows, you can use 
row length instead of area as the basis for calibration. 

PROBLEM : Label instructions advise Juan to apply Mal^thion 505. strength 
liquid at the rate of 4 liters per hectare. His field measures AO x 50 
meters and the bean rows are spaced 60 cm apart . His backpack sprayer holds 
15 liters, and he needs to know how much Malathion should be added to each 
• tankful. 

SOLUTION 

1. Follow the same procedure as *ri th Step JL of the first method but 
measure the amount of row length covered by the 3-4 liters instead 
of area . Suppose that Juan was able to cover 150 meters of row 
length with 3 liters. 

2. Find out how many meters of row length his field has. Let's say 
the crop rows are running the long way (i.e. 50 meters). 

Number of rows x 50 meters « field's total row length 
Number of rows » 40 meters (i.e. the field's width) 

0.8 m (80 cm) 

40 m » 50 rows on Juan's field, each of them 50 mts. 
0.8 m long 

50 rows x 50 meters » 2500 meters of row length in Juan's field 

3. Find out how much water will be needed to cover the 2500 mts. of 
row length based on 3 liters per each 150 mts. 

150 m « 3 liters 
2500 m X liters 

150 X * 7500 

X » 50 liters of water needed to cover the field 
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4. Find out how much Malathion 50% liquid will be needed for the 
field based on 4 liters of the pesticide per hectare • (10000 sq. 
m) . Since Juan f s field measures 40 x 50 mts., its area is 2000 sq. 
mts. 

2000 sq. m « X liters Malathion 
10000 sq. m 4 liters Malathion 

X « 0*8 liters or 800 cc of Malathion needed. 

5. Find out how much Malathion is needed per sprayer tankful based on 
a capacity of 15 liters. 

50 liters of water needed ■ 3.33 tankfuls needed 
15 liters tank capacity 

800 cc Malathion « 240 cc of Malathion 50% liquid 
3.33 tankfuls needed per sprayer tankful 

NOTE : There are several different ways of doing the math involved, and we 
have shown only one. 
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INSECTICIDE TOXICITY TABLES 



^1 



I. A QUICK REFERENCE INSECTICIDE GROUP AND TOXICITY GUIDE 

The table below gives the relative human toxicity of ccnmon insecti- 
cides on a scale of 1 to 4 as follows: (Both oral and dermal toxicity is 
considered) 

1 ■ most dangerous , 2 « dangerous , 3 ■ less dangers f 
4 » least dangerous 

It also gives the chemical group to which each insecticide belongs as 
follows: 

CH ■ chlorinated hydrocarbon , OP » organic phosphate , 
C « carbamate , M ■ miscellaneous 

As you 1 11 see, the antidote for poisoning varies with the chemical 
group. Aside from this difference, it's hard to make meaningful distinc- 
tions between these chemical groups. For example, Aldrin, DDT, Endrin, 
Heptachlor, Lindane, and Kelthane (dicofol) have long residual lives and are 
all CH's; however, in terms of their immediate toxicity, they vary greatly- 
DDT is a Class 4 (least dangerous), while Endrin is a Class 1 (most danger- 
ous). Other CH f s like Methoxychlor have relatively short residual lives. 
The OP's and C f s break down fairly quickly but, like the CH's, also vary 
greatly in toxicity. 

Insecticide Names : Note that each insecticide may be marketed under several 
or more different trade names. Many extension bulletins refer to insecti- 
cides by their non-commercial chemical names (i.e. carbaryl is the chemical 
name for Sevin). This can create much confusion in identifying insecti- 
cides • 



Common Name 
Aldrinl 

Asuntol 

Azodrin 

Actellic 

£aygon 



Other Trade or Chemical Names 

Aldrite, Drinox, Aldrosol, Seedrin, 
Octalene 

Co-ral, coumaphos, Baymix, Meldane, 
Resistox 

Nuvacron, Monocron, monocrotophos 
pirimiphos-methyl, Blex, Silosan 
propoxur 



Chem. 
Group 

CH 



OP 

OP 
OP 
C 



Mammalian 
Toxicity 



2 
4 
3 



1» Long residue life (3-10 years). 
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Common Nam e 
BHC 

Bidrin 

Birlane 
Bux 

Chlordane 

Ciodrin 

DDTl 

Dasanlt 
Diazinon 

Dibrom 

Dieldrial 

Dimecron 

Di-syston 

Dimethoate 

Dipterex 

Dyfonate 

Ekatin 

Endrinl 

Folidol 

Folimat 

Folithion 
Furadan2 
Galecron 
Gardona 



Other Trade or Chemical Names 

benzene hexachAorlde, Hexachlor, 
Benzahex, Benzel, Sopr oxide, Dol, 
Dolmix, Hexafor, HCH 

Ektafos, Carbicron, dicr9tophos 
Supona, Sapecron, chlorf envinphos 
Bufenkarb, metalkamate 
Chlorkill, Orthochlor, Belt, Aspon 
crotoxyphos 

Anofex, Genitox, Gesarol, Neocid 
Zerdane, many others 

Terracur, fensulfothion 

Basudin, Spectracide, Diazol, 
Sarolex, Gardentox 

Bromex, naled 

Octalox, Alvit, Dieldrite 
phos phaml don 

disulfoton, Frumlnal, oxydisulfoton 

Cygon, Rogor, Perfekthion, Roxion, 
De-Fend, Trimetion 

Dylox, Klofon, Danex, trichlorfon 
Neguvon, Anthon, Bovinox, Proxol 
Tugor, Trinex 

fonofos 

Morphothion, thiometon 
Hexadrin 

(see methyl & ethyl parathion) 
omethoate 

Nuval, Agrothion, fenitrothion 
carbofuran, Curaterr 

Fundal, chlordimeform, chlorphenamadine 
Rabon, Appex 



1. Long residue life (3-10 years). 

2. High oral, low dermal (skin) toxicity. 

3. Moderately long residue life (1-3 years), 



Chem. 
Group 

CH 



OP 
OP 
C 
CH 
OP 
CH 

OP 

OP 

OP 

CH 
OP 
OP 
OP 

OP 

OP 
OP 
CH 

OP 
OP 
C 

OP 
OP 



Mammalian 
Toxicity 



2 
2 
3 
3 
3 

1 
3 

3 

2 
2 
1 
3 



1 
3 
1 

3 
3 
2 

3-4 
A 



ERIC 
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Common Name 

Gusathion 

Heptachlorl 

Hostathion 

Kelthane^ 

LannaCe 

Lebaycid 

Lindane3 

Malathion 

Metasystox 

Metasystox R 

Methoxychlor 

Methyl 
parathion 

Mirex2 
Monitor 
Orthene 
Parathion 

Perfekthion 

Pb^ sdrin 

Pyrethrin 

Pounce 

Pirimor 
Rotenone 



Other Trade or Chemical Names 
Guthion, Carf ene»* azinphosmethyl 
Drinox H-34, Heptaraul 
CriazaphOo 

dicofol, Acarin, Mitig n 
methomyl, Nudrin 
fenthion 

Gamma BHC, Garomexane, Isotox, 0K0, 
Benesan, Lindagara, Lintox, Novigam, 
Silvanol 

Cythion, Unithion, Emmatos, Fyfanon, 
Malaspray, Malamar, Zithiol 

demetonmethyl 

oxydemetonraethyl 

Marlate, Moxie 

Folidol M, Parathion M, Nitrox, Metron, 
Parapest, Dalf, Partron, Phospherno 

dechlorane 

Tama' , methamidophos 
acephate, Ortran 

Niran, Bladan, E-505, ethyl parathion, 
Folidol E-605, Phoskil, Orthophos, 
Ekatox, etc. 

Cygon, Rogor, dimethoate, De-Fend, 
Roxion, Trimethion, Daphene, Recelate 

mevinphos, Phosfene, Menite 

Pibutrin 

Ambush, permethrin, Ectiban, Kafil, 
Eksmin 

pirimicarb 

Derrin, Derris, Extrax, Mexide, Cubor 



Chenu 
Group 

OP 

CH 

OP 

CH 
C 
OP 
CK 

OP 

OP 
OP 
CH 

OP 

CH 
OP 
OP 
OP 

OP 

OP 
M 
M 

C 
M 



Mammalian 
Toxicity 

2 

3 

3 

3 
2 
3 
3 



2-3 
2-3 
3 



3 
2 
4 
1 



1 
4 
4 

3 
3 



1. Long residue life (3-'0 years)* 

2. A suspected carcinogen; now banned in the IKS. 

3. Moderately long residue life (1-3 years)* 
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Common .Name 


Other Trade or Chemical Names 


Cham. 
Group 


Mammalian 
Toxicity 


Sevin 


carbaryl , Vetox , Ravyon, tricarnac 


c 


4 


Svstox 


deraetou, Demox y Systeraox, Solvirex 


OP 


1 


Tamaron 


Monitor, metharaidophos 


OP 


2 


TEPP 


Tetron, Vapotone, Kilmite AO 


OP 


1 


Tedion 


tetradiphon , Duphar 


Cd 


4 


Telodrin 


isobenzan 


CH 


1 


Temik 


aldicarb 


c 


1 


Thimet 


phora te , Rampa rt 


OP 


1 


Thiodan 


Endosulfan 


CH 


2 


Thuricide 


Bacillus thuringiensis > Dipel, Biotrol 


M 


Non-Toxi 


Toxaphenel 


Motox, Strobane T, Toxafcill, Magnum 44 


Gi 


3 


Trithion 


carbophenothion , Garrathion 


01 


2 


Unden 


Baygon , Senoran , Sunci de , Bla t tanex , 
PHC, propoxur 


c 


3 


Vapona 


DDVP, dichlorvos, Nuvan, Phosvit 


OP 


3 


Volaton 


Valexon, phoxim, Baythion 


OP 


3 


Thiodan 


endosulfan, Cyclodan, Malix, Thiml, 
inioaex 


CH 


2 


Mocap 


Jolt, Brophos , ethoprop 


OP 


2 


Dursban 


Lorsban, chlorpyrif os 


OP 


2-3 



LD50 RATINGS OF COMMON INSECTICIDES 

The LDjq (LD = lethal dose) rating measures the amount of 100% 
strength chemical (i.e., active ingredient) that is needed tc kill 50% of 
the '*«t animals (rats or rabbits) when given orally and dermal ly (placed on 
the s* this amount is measured in terms of milligrams of pure chemical 
per kilogram of animal body weight. One milligram « 1/ 1000th gram or about 
l/28000th of an ounce. The LD50 rating gives a good indication of the 
relative toxicity of pesticides to humans and other mammals. The lower the 
*- D 50 rating, the higher the pesticide's toxicity. 



mind: 



Before looking at the LD 5Q ratings below, keep the following <n 



1 Moderately long residue life (1-3 years). 
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1. 



2. 
3. 
4. 
5. 



The LD 5 q racings are based on Che amouncs of 1002 screngch 
chemical. However, inseccicides as markeced varv tn screngch tod, 

U P c ° 95%. Afcer dilucion wich wacer for spraying, actual 
screngch may only be about 0.1-0.22. b 

The LD 50 racings give lictle informacion on che cumulative 
effecc of repeaced exposure* 

If spilled on che skin, liquid inseccicides are more readily 
absorbed chan wet table powders or dusts. 

Note chac some ineccicides like TEPP and Phosdrin are about as 
coxic dermally as chey are orally. 

Even Class A (least dangerous) insecticides like Malathion can 
cause severe poisoning if enough were ingested or spilled on the 
skin, especially in the concentrated form. 

The LD 5Q rating has no relation to an insecticide's effective- 
ness against insects. 



Phosdrin 

Systox 

Telodrin 

TEPP 

Thiraet 

Temik 



mevinphos, Phosphene, Menite 
deraecon, Solvirex, Syscemox, Deraox 
isobenzan 

Tecron, Vapocone, Kilmice AO 

phorace, Ramparc 

aldicarb 



6 
6 

5-30 
.1 
2 
1 



Common Name 


CLASS 1 
Most Dangerous 

Other Trade or Chemical Names 


LD 50 
Oral 


(mg/kg) 
Dermal 


Dasanic 


Terracur, fensulfothion 


2-10 


3-30 


Dlsyston 


Disulf ocon f Fruminal, oxydisulf ocon 


7 


15 


Dyf onace 


fonof os 


8 


25 


Endrin 


Hexadrln 


1 


13 


Parachion 


Ethyl parachion, Bladan, Niran, E-605, 
Polidol E-605, Phoskill Orthophos, 
Ekatox, Parachene, Panthion, Thiophos, 
Alkron 


13 


21 



5 
1A 
5-30 
2 
6 

below 5 
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CLASS 2 
Dangerous 



Common Name 
Aldrin 

Azodrin 

Bidrin 

Birlane 

Dteldrin 

Furadan 

Gusathion 

Methyl 
parathion 

Lannate 
Monitor 
Mocap 
Thiodan 

Trithion 
Neraacur 



Common Name 

Baygon 
BHC 

Bux 

Chlordane 

Ciodrin 

Diazinon 

Dibrom 
Dimethoate 



Other Trade or Chemical Names 


LD 50 
Oral 


rating 
Dermal 


Aldrite, Aldrosol, Drinox, Seedrin, 
Uctalene •■*•«» 


39 


00 

70 


Nuvacron, Monocron, monocrotophos 


17 


126 


oK.di:os , oarolcron 


21 


43 


chlorf envinohos Sunnna o^«^- 

, wupuna y bapecron 


10-155 


108 


Alvit, Octalox, Dieldrlte 


46 


90 


carbofuran, Curaterr 


11 


10,000 


Guthion, Carfene, azinphosmethyl 


12 


220 


Folidol M, Parathion M, Nitrox, Metron 
Parapest, Dalf, Bartron, Phospherno 


1 A 


67 


Methomyl, Nudrin 


17-24 


1000 


Tamaron, raethamidophos 


Z 1 


118 


Jolt, Prophos, ethoprop 


61 


26 


Thiodex fan ' Cyclodan > Malix > TWmul, 


43 


130 


caroopnenothion, Garrathion 


30 


54 


phenamiohos. fpnami 


8 


72 


CLASS 3 






Less Dangerous 






Other Trade or Chemical Npmoc 


LD 5Q 
Oral 


rating 
Dermal 



propoxur 

benzene hexachloride, Hexachlor 
Benzahex, Benzel , Soprocide, Dol, 
Dolmix, Hexafor, HCH ' 

Bufenkarb, metalkamate 

Chlorkill, Orthochlor, Belt, Aspon 

crotoxyphos 

Basudin, Spectracide, Diazol, Sarolex, 
Gardentox 

naled, Bromex 

Defend R ° g0r ' Perfekthio "> Roxion, 



95 
600 

87 
335 
125 
180 

250 
215 



1000 



400 
840 
385 
900 

800 
400 
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Common Name 

Dursban 
Dipterex 

Folimat 

Follthion 

Hostathion 

Heptachlor 

Lebaycid 

Lindane 

Metasys tox 
Mirex 
Toxaphene 
Unden 

Vapona 



Common Name 
DDT 

Ga leer on 
Gar dona 
Kel thane 
Malathion 

Methoxychlor 

Morestan 

Orthene 

Sevin 

Ted ion 

Volaton 

Actellic 



CLASS 3 (continued) 
Less Dangerous 

LDsn 

Other Trade or Chemical Names Oral 
chlorpyrifos , Lorsban 97-276 

Dylox, Klorfon, Danex, trichlorfoa, 180 
Neguvon, Anthon, Bovinox, Proxol, 
Tugon, Trinex 

mmethoate 50 

Nuval, Agrothion, fenitrothion 500 

trlazaphos 80 

Drinox H-34, Heptamul 100 

Fenthion 200 

Gamma BHC, Gamraexane, Isotox, 0K0 80 
Benesan, Lindagam, Lintox, Novigam, 
Silvanol 

oxydemeconmethyl 47 

dechlorane 300 

Motox, Strobane T, Toxakil, Magnum 44 90 

Baygon, Suncide, Senoran, Blattanex 100 
PHC, propoxur 

DDVP, dichlorvos, Nuvan, Phosvlt 90 

CLASS 4 
Least Dangerous 

Other Trade or Chemical Names 

Anofex, Genitox, Gesarol, Neocid, etc 

chlordimeform, Fundal 

Appex, Rabon 

dicofol, Acarin, Mitigan 

Cythion, Unithion, Emmatos, Fyfanon 
Malaspray, Malamar, Zithiol 

Marlate 
Forstan 

Acephate, Ortran 

carbaryl, Vetox, Ravyon, Tricarnam 
Tetradif on 
phoxim, Valexon 

pirimiphos-methyl, Blex, Silosan 
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L 550, 
Oral 

113 
127-132 
4000 
1100 
1375 

5000 
1800 
866 
850 
14,700 
1845 
2080 



ratine 
Dermal 



2000 

700 
1300 
1100 

195 
1300 
1000 

173 
800 
1075 
1000 

107 



rating 
Dermal 

2510 
3000 
5000 
1230 
4444 

6000 
2000+ 

4000 
10,000 
1000+ 
2000f 



DISEASE CONTROL 

I. TYPES OF DISEASES AND THEIR IDENTIFICATION 
garasitic vs. Non-parasitic Diseases 

Parasitic diseases are caused by certain types of fungi , bacteria, and 
viruses that invade plants and multiply within their tili^es". ' Nematodes and 
parasitic weeds like Striga (witchweed) can also be included i n this cate - 
gory, but we'll deal with them separately below. 

onn!i7^ aSltlC ( " 0n - inf ectious > diseases are caused by unfavorable grow- 
ing conditions or other non-parasitic factors such as: 

a. Excesses, deficiencies, or imbalances of soil nutrients. 

b. Excessive soil acidity or alkalinity. 

c. Temperature extremes. 

d. Poor drainage or drought. 

e. Mechcnical, fertilizer, or pesticide injury. 

f. Air pollutants like ozone and sulfur dioxide. 

?":e1 f t S S rasurdn:as"s. COndltl0nS ""^ easlly ^ 

Fungal Diseases 

Fungi are actually tiny parasitic plants without roots, leaves, or 
chlorophyll which feed on living or decaying organic matter ^reproduce 
and spread by means of microscopic seeds called spores . Some fungi are 

^!" Clal SUCh 38 th ° se that help break down cr °P residues into humus; 

others can penetrate directly into seed, leaf, or root tissue or can enter 
through wounds or nature openings. 

general types of fungal disease ^: Leaf spots leading to possible defolia- 

llZLT^ ° f . seeds « stems > scalk *. roots, grain heads, podr, and ears; 
storage molds; wilts. 

Diseases caused by fungi are by far the roost common,- because the spores 
are highly resistant to unfavorable conditions. They are easily spread by 
wxna water, soil, and farm implements, but some types can also berried 
by the crop seeds themselves. Most fungal diseases develop and sprp.d m uch 
more readily under high humidit y and m oisture . An imnnr^L 

I JSiVt ? iSeaS f /V heir abili 'y to mutate to produce new races tL 
resistant to certain fungicides; this is not common, however. 
Bacterial Diseases 

* 5aCterla , ar « microscopic single cell organisms that multiply by cell 
division. Like the fungi, some bacteria are beneficial and perform essen- 
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: tial functions like converting unavailable organic forms of soil nutrients 

] to available inorganic (mineral) forms. Others invade plants and cause 

diseases that produce leaf spots , wilts , galls, and fruit and "stem rots . 
| For several reasons, bacterial diseases are generally much less prevalent 

than fungal diseases . 

\ a. Bacteria lack a resistant spore stage and are very dependent on 

j favorable temperature and moisture conditions. 

i 
j 

j b. Unlike the fungi, bacteria can't forcibly penetrate into plant 

tissue but must enter through natural openings or wounds. 

c. Although bacterial diseases can be spread by wind driven rain, 
\ field equipment, and certain types of insects (mainly some 

i beetles), they are much less readily transmitted than fungal 

I diseases. 

J 

1 Viral Diseases 

*; Viruses are microscopic particles consisting of a core of nucleic acid 

> - (genetic material) surrounded by a protein coat. Viruses can multiply by a 

* diverting living host cells into the production of more virus particles and 
can also mutate to produce different strains. They are largely spread by 

! sucking insects (aphids, leafhoppers, thrips); the relationship between 

t these insect vectors and the viruses is sometimes very specific; for exam- 

ple, peanut rosette virus is transmitted by only one species of aphid. Some 
j species of weeds are susceptible to certain viruses and serve as alternate 

1 hosts to provide sucking insects with a steady source of innoculura. 

Viruses usually don't kill plants but can greately reduce yields and 
quality. A wide variety of symptoms are produced such as leaf mottling 
[ (blotching), leaf curling , chlorocic (yellow) or necrotic (dead) spots on 

\ the leaves , leaf ma * rmation, leaf striping , and exces s ive branching . 

! How to Identify Plant Diseases 

Some plant diseases can be readily identified by non-professionals 
right in the field; in othei: cases, however, accurate diagnosis requires a 
good deal of field experience or even the expertise of a trained plant 
pathologist and lab facilities. 

Troubleshooting Disease Problems 

Helpful items : Magnifying glass, pocket knife for slitting stems, 
pictorial disease identification guides (see below). 

I. Symptoms of some fungal, bacterial, and viral diseases can be easi- 

• confused with each other or with those caused by nematodes , non- 

v parasitic diseases , or insects . Use the troubleshooting guide on < 

; pp. 158-162 to help narrow the problem down. 

I 2. Examine the plants closely. If root, stem, or stalk rots are sus- 

pected, carefully remove some plants from the soil along with part 
of the root system; look for signs of damage such as soil insects, 

• 
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2T,tTf' r ° 0t discolorat i°n. Slit stems and stalks lengthwise 
and check for rotting, discoloration or borers. engcnwise 

Disease Identification r...f d es For the Reference Crop s 

H n - co .? tS * ecti ° n S ives verbal descriptions of common reference croo 
t T ?iCtUreS a " definitelv worth a thousand words wnen"t comes 

to identification. Ag field workers will find the following pictorial 
disease guides invaluable: pictorial 



Maize 



'•Maize Diseases: A Guide for Field Identification", Information Bulle- 
cm no. 11, CIMMYT, Londres 40, Apartado Postal 6-641 M P yiro a n v 
Available in English and Spanish. ' 1 6 » D ' F ' 

st^pnn^r K f o?° rn D ^ seases "» ******* Phytopathological Society, 

tnan the CIMMYT I*, - ? 5" ?aul » Minnesota ' "-S-A. 55121? More compete 
than the CIMMYT bulletin and also gives some control measures. 

Sorghum and Millet 

"Sorghum and Pearl Millet Disease Identification Handbook", Information 

oryxes' Agricul ? t 502 ™> Pradesh, INDlI 

Zlaii* Agricultural Experiment Station, Texas A & M Univ., Colleee 
Station, Texas, U.S.A. 77843. Available in English, French, S^nlsh. 

vS^TLSlTM'unf" 11 ^ 1 ?/ 085 ' 16X35 A S ricu ^-al Extension Ser- 
liZl IZT t M 1 Unlv '» Colle S e Station, Texas, U.S.A. 7 7 843. Also 
gives some control measures. 

Beans 

cIu^cSrIa 5 f i Be c?^ n , Latin AmeriCa "' CIAT ' A**"* 10 Aer *° 6713, 
Call COWMBIA, S.A. $5.60 (U.S.) plus postage. Includes diseases in- 

tiT^zi^r- Availabie ia Engiish and spanish - 

"Bean Diseases: How to Control Them", Agriculture Handbook No. 225 

D?cum;nts eSe u r s ''l'*'*' *° m Superintendent of 

Documents, U.S. Government Printing Office, Washington, D.C. Not as 
complete as the CIAT bulletin. 

Soybeans 

Uni^ a ^ DiS .f eS AtlaS "' Co °P erativ e Extension Service, Clemson 
University, Clemson, South Carolina, U.S.A. -29631. 

"Soybean Insects, Nematodes, and Diseases", Circular 504, Cooperative 
Ext. Service, Clemson Univ., Clemson, South Carolina, U.S.A. 29631. 
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II. METHODS OF DISEASE CONTROL AND THEIR EFFECTIVENESS 



Prevention vs. Cure 

Most diseases such as viruses and the bacterial and fungal rots of 
seeds » seedlings » roots, stalks, and stems can't be controlled once they 
enter plant tissue. Fair to good control of fungal Teafspots* can be 
achieved with foliar fungicides but this is usually uneconomical with low 
value crops like maize, millet, and sorghum. Disease control methods are 
therefore geared much more toward prevention rather than cure. Let's look 
at the principal non-cheraical and chemical control practices. 

Non-Chemical Disease Control Methods 

1« Resistant varieties : Plant breeders have located genetic sources 
*f resistance to some of the more serious diseases, especially 
viruses and other types that lack effective or economical chemical 
control measures. However, resistance does not mean 100% immun- 
ity , and the ability of viruses and fungi to mutate into new races 
has posed some problems. Disease resistance is a top priority 
among plant breeders. 

2. Sanitation and Cultural Practices 

a. Disease free seed : Some diseases like bacterial blight and 

common mosaic virus of beans can be carried by the seeds. The 
use of certified seed (see Section C) that is disease free is 
an important management practice in many bean growing areas 
where these problems exist. 

!>• Controlling host plants and insect vectors : This is especially 
important for controlling certain viral diseases and involves 
the removal of host weeds and other natural vegetation that 
serve as sources of innoculum. In some cases, non-susceptible 
barrier crops are planted around a field in a 15-20 meter uide 
strip to "decontaminate" sucking, insects before the-y reach the 
susceptible crop (this is usually not practical). Alsr in- 
cluded is the roguing (removal) of diseased crop plants 
attacked by viruses; roguing is not effective for most fungal 
and bacterial diseases. 

c Crop residue management: The burning or plowing under of crop 
residues is an effective prevention method for a few diseases 
like peanut Southern (Sclerotium) stem rot. 

d. The following practices may help minimize certain disease 

problems: not cultivating plants while they are wet ; avoiding 
crop injury at or before harvest; irrigating in the morning 
when sprinklers or hand watering are used so that crop leaves 



Fair control of most bacterial leaf spots can be obtained using copper 
base fungicides . 
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infecting tools . 



at night; using raised beds to improve drainage: dis- 



e. Crop rotation can reduce the incidence of many fungal and bac- 
terial diseases,* especially those that are soil borne, but 
'rill have little effect on viruses. There is nothing wrong 
monculture from a disease standpoint as long as resistant 
varieties are being continually developed and introduced in 
response to new problems; however, this is unlikely in the 
LDC's. 

f . Intercropping may reduce or intensify disease problems, de- 
^ pending on the crop mixtures involved and whether they share 

some diseases in common. 

Chemical Disease Control Methods 



1. 



Fungicides can be applied to planting seeds, the soil, and crop 
leaves and will provide fair to good control of certain fungal 
diseases. They are mainly applied as protectants . 

a * Seed treatment with a fungicide dust or liquid will effec- 
tively prevent seed rots (pre-emergence "damping off) caused 
by soil fungi and will also kill any .fungal diseases borne on 
the seedcoat surface siich as loose smut and covered smut which 
attack adult sorphum plants. 

Since seed treatments mainly protect the seed, they are not as 
effective at preventing seedling blights (rots) and seedling 
root rots , A systemic seed treatment fungicide called Vitamax 
(Carboxin) gives somewhat better control. 

Seed treatments will not, control any soil-borne or airborne 
fungal diseases that attack older plants such as leaf spots, 
stalk rots, stem rots, and root rots. 

b# Fungicide applications to the soil ; Some fungicides like PCNB 
(Terrachlor), Vitavax (Carboxin), and Benlate (benomyl) can be 
applied as sprays or dusts to the seed furrow or to the row 
soil during crop growth to control certain fungal stem and 
root rots . 

Such soil applications are seldom necessary or economical for 
maize, sorghum, and millet but are usually profitable on high 
yielding peanut and bean crops if such disease problems 
exist. 

c# Foliar f ungicides can be applied as dusts or sprays to crop 
foliage to control fungal leaf spot diseases . Most foliar 
fungicides act as protectants to help prevent the occurence or 
spread of leaf spots. Some of the recently developed systemic 



Especially soil-borne ones. 
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fungicides like Benlate (benomyl) and Mertect (Thiabendazole) 
also have erradicant properties. 

i°) ia l fungicides have lict1 ^ ^ no activity against bac- 
g^^c■ontrol! POtS, C ° Pper b3Se fun S icides P r °vide Uix~S 



2. 



3. 



Foliar fungicides are usually not .conoraical for field crops 

^in^!^!? iZ ^^ SOrghUm, and mllleC buc are ° fCen essential for 
control of Cercospora leaf spot in peanuts and can be very 

profitable in this case. Their use on beans may be justified 
where yields are in the medium to high Ta^gT and fungal leaf 
spots become serious. The use of foliar fungicides on high 
value vegetable crops such as tomatoes, squash, and potatoes 
is usually very cost effective where foliar fungus diseases 
are a problem. 

Soil sterilants like methyl bromide, formaldehyde, Basamid , and 
Vapamwill control soil fungi, bacteria, insects, weeds, and nema- 
todes. They are applied in advance of planting and allowed to 
dissipate before the seeds are sown. Soil sterilants" are fre- 
quently used on seedbeds for growing tobacco and vegetable trans- 
plants- but are too expensive for use with the reference field 
crops . 

Antibiotics like Streptomycin and Terramycin are bactericides used 
as foliar sprays or transplant dips to control certain bacterial 
i 8 ? 3 ! 68, ° Che / anCibioCics l^e Kasumin (Kacugamycin) and Blas- 
ticidin are effective against certain fungal diseases such as rice 
blast and are widely used in Japan. Their high cost makes them 
unec ° nomical for us e on the reference crops. There are several 
P roblems associated with antibiotics, namely residues, the devel- 
opment of resistant races of fungi and bacteria, and occasional 
phytotoxicity (plant injury). 

4 * Use of insecticides t o control insect vectors ; This is seldom 
completely effective since 100% control iFTipossible . 

Integrated Disease Control 

Integrated disease control involves the combined use of non-chemical 

as se'erdr^s^s dS ,; ^TA^ *** ■ mercur > r base *««*lcides sometimes used 
as seed dressings, the fungicides pose few toxic or environmental threats 
unlike some insecticides. The main impetus for integrated disease control 

iLt lit? w 6 ^"^ 3 ? d Che f3CC ChaC many ^ases cannot be adequately 
controlled with chemicals. M ' 

RECOMMENDATIONS FOR FOLIAR FUNGICIDES 
Protectant vs. Erradicant Fungicide s 

Most fungicides like Maneb, Zineb, Difolatan, and Manzate act as pro- 
ll^V - J* , remainin g « the leaf surface to prevent fungal spores f7^~ 
germxnating and penetrating the plant; they have little or no erradicant 
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ability to stop the progress of an existing infection. However, a few fun- 
gicides like Benlate (benomyl) and Thiabendazole (Mertect) are actually ab- 
sorbed into the leaf tissue and translocated outwards toward the margins; 
these systemic fungicides act as erradic ants as well as protectants and also 
have other advantages: 

1. They are not vulnerable to being washed off the foliage by rainfall 
or sprinkler irrigation. 

2. Since they are translocated within the leaf, uniform foliage cover- 
age isn't as important as with the non-systemic protectant fungi- 
cides. 

The main disadvantage of the systemic fungicides is that they are effective 
against a narrower range of fungal diseases than most of the protectant fun- 
gicides, so more care must be taken to match the product to the disease. 
Another problem is that a few fungal diseases have developed resistance to 
some of the systemics (this hasn't occurred with the non-systemics) . 

Guidelines for Applying Foliar Fungicides 

Tvpe of Crop; Foliar fungicides are seldom economical for maize, sorghum 
and millet; they will give the best benefit/cost ratio (cost-effectiveness) 
when used on well managed peanuts and beans under conditions where fungal 
leaf diseases are a limiting factor and on high value vegetable crops." 

When to apply; Ideally, applications should be started slightly befor e the 
onset of infection or at least before the disease signs have become very 
ev i dent . This is es pecially important when non-svstemic protectant fungi- 
cides are used. In most growing areas, the major fungal leaf diseases are 
or tep rather predictable as to their date of first appearance, so that pre- 
ventative applications can be begun in advance. Fungicides are too expen- 
sive to be used on a routine basis from the time the plants emerge; besides, 
most fungal diseases don't infect plants until around flowering time or 
after* 

Frequency of application; This depends on disease severity , rainfall , and 
type of fungicide. The non-systemic protectant fungicides can be washed off 
the foliage by rainfall (or sprinkler irrigation), but the systemics remain 
safely within the plant once they've been absorbed. Under frequent rain- 
fall, the protectants may have to be applied as often as every 4-7 day«. 
Under less wet conditions, intervals of 10-14 days regardless of rainfall 
frequency. Disease severity also affects application frequency but is 
usually closely related to rainfall and humidity (as well as varietal resis- 
tance). 

Uniform and thorough coverage of crop foliage is very important when apply- 
ing fungicides. This is especially true for the protectant products which 
are effective only on those portions of the leaf surface they actually 
coyer. An attempt should be made to cover both sides of the leaves when 
using protectants. Stickers and spreaders (see pp 233-234) are recommended 
for nearly all fungicide sprays to enhance coverage and adhesion; Duter is 
one exception, since these additives increase the likelihood of crop~Tnjury 
. -rom that particular product. Some fungicides already contain stickers and 
spreader, so be sure to read the label. 
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Dusts vs» Sprays : See pp. 225-226. 



Amount of water needed for adequate foliage coverage : This varies with 
plant size, crop density, and type of sprayer, tfhen using backpack (knap- 
sack) sprayers on full size plants, at least /00 liters/ha (75 gals. /acre) 
of water is needed. Excessive water volume increases runoff which carries 
away spray droplets. 

Nozzle selection and sprayer operation : See insecticide section. 
Dosafte Recommendations 

Always follow label instructions and the recommendations of your coun- 
try^ extension service if the latter are based on sound adaptive research. 
The following recommendations are meant to serve as general guidelines. 

Peanut Cercospora Leafspot: Benlate and Duter have generally proved the 
most effective although most other products such as Dithane M-45, Antracol, 
Bravo (Daconil), Difolatan, copper-sulfur dusts, and copper base sprays also 
give satisfactory control. The following recommendations come from North 
Carolina State University (U.S.A.) and Australia. 

Duter 47% WP, 425 grams actual formulation per hectare (6 ounces/acre); 
don 1 1 use a sticker* or a spreader. 

Benlate 50% WP, 285 grams actual formula*, ion/ha (4 oz./acre) plus 
sticker-spreader. Control is enhanced by combining 285 grams Benlate + 
1.7 kg Dithane M-45 or Manzate 200 +2.3 liters non-phytotoxic crop oil 
per hectare; the oil improves penetration. 



COMMON FOLIAR FUNGICIDSS 

They are of relatively low toxicity (compared to insecticides) and have 
minimal dermal absorption (the dermal LD50 for Captan is over 10,000). 

. ANTRACOL (Propineb): Not registered in the U.S., but widely used over- 
seas. A zinc base product by Bayer. Especially effective against 
early and late blight. Compatible with most other pesticides. Use at 
75-125 cc per 15 liters (5-8 tablespoons per 4 gallons) and apply at 
4-10 intervals depending on weather and disease severity. 

BENLATE (Benomyl): 0n~> of the few systemic fungic ies; has an erradi- 
cant effect as well as a protective effect but it is not broad spree- 
trum; mainly for powdery mildews, Cercospora leafspct (peanuts), 
Botrytis (Gray mold) of tomatoes and lettuce, and brown rot of frruit 
trees. For small area.: use 1-2 teaspoonfuls per gallon ^ c -10 c.c/ 
gal.). Also prevents mite eggs from hatching. Repeat at lu-21 day 
intervals. Use a sticker-spreader. 

BORDEAUX (Copper sulfate + hydrated lime + water): One of the first 
original maumade fungicides. Has a protectant effect and also repels 
some insects. Don't let the solution stand in the sprayer for long 
periods. You can make it yourself . Two common formulas are 8-8-100 
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and 10-10-100 (first 2 numbers refer to lbs. of copper sulfate and 
hydrated. lime; the last number refers to gallons of water). Each lb. 
of copper sulfate in 100 gals, of water equals 1/3 tr) lespoon (5 cc) 
per gallon. Each lb. of hydrated lime (slaked lime or calcium hydrox- 
ide) per 100 gals, equals 1 tablespoon (15 cc)/gal. To make 1 gallon 
of the 8-8-100 formula, dissolve AO cc copper sulfate in 1/2 gal. of 
water; then dissolve 120 cc of hydrated lime in the other 1/2 gal; then 
mix both tcgether. May cause leaf burn if made too strong. 

CAPTAN (Orthocide, Merpan): Very safe broad-spectrum fungicide (also 
for seed treatment). Use the 50% WP at 3.5-5 tablespoons per gallon 
(13-20 cc/liter). As a seedbed drench for damping off prevention, mix 
up 2-3 cc/liter of water and apply with a sprinkling can at the rate of 
2-3 liters /sq. meter immediately after planting vegies (if seed is not 
treated) or as soon as the seedling emerge. 

COPPER COMPOUNDS (Aside from Bordeaux): For broad-spectrum foliar fun- 
gal control, but also wore effective than other types for bacterial 
leafspots. Don't mix these with Diazinon insecticide. Copper 
oxyxhloride and Cupravit Blue are two examples and are used at 400-600 
grams/100 liters water. 

DACONIL (Bravo W-75, Termil): Broad-spectrum foliar fungal control; 
toxic to fish. Compatible with most other fungicides. Don't applv 
within 5 days of harvest. Use at 2.5-3 tablespoons per gallon (10-12 
cc/liter) # 

DUTER (fentin hydroxide): An organic tin compound used on potatoes for 
its unusually good control of early and late blights. Also widely used 
for Cercospora leaf spot on peanuts. Has some insect anti-feeding 
properties. Do not use a sticker-spreader or leaf burn may result. 

MA** 25 (Di thane M-22, Manzate 200, Lonocol M): Manganese base broad- 
spectrum fungicide available as an 80% WP. Used at 1.5-2.5 table- 
spoons /gal. (6-8 g/1) or 1.5-2.5 lbs./lOO gals. Don't apply within 5 
days of harvest. 

MAKZATE (Dithane M-45, Mancozeb, Fore): A manganese-zinc combination. 
Manufacturers claim it's better than Maneb on tomatoes. Use same 
dosage as for Maneb. Don't apply within 5 days of harvest. Also used 
as a seed piece dip on potatoes to control seed piece decay. 

2INEB (Dithane Z-78, Lonocol Z, Polyram Z): A zinc base product. May 
injure squash and cucumber and tobacco. Don't apply within 5 days of 
harvest. Use same dosage as for Maneb. 

PCNB (Terrachlor, Brassicol): A soil fungicide usually applied pre- 
plant either broadcast or in a band; also used as a soil drench at 
transplant time. Mainly for damping-orf, Sclerotinia, and Rhizoctonia. 
For cabbage family crops, it ! s used as a seedbed drench right after 
planting. Use 1 tablespoon Terrachlor 75W + 2 tablespoons Captan SOW 
per gal. of water and apply it over 50 sq. ft. 
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FUNGICIDES FOR SEED TREATMENT 

Remember that treating seed with a fungicide inhibits surface-borne 
fungi on the seed coat and protects against soil-borne ones. Most fungicide 
seed treatments offer no protection to the seedling. However, some of the 
newer systemic fungicides for seed treatment such as Vitavax (carboxin) can 
offer some protection during the early stages of seedling growth. Seed 
treatment will not control any soil-borne or aii-oorne fungal diseases that 
attack older plants like leaf spots, stalk rots, root rots, etc. 

ARASAN (Thiram, Tersan): A low toxicity compound usually available as 
a 502 or 75% dust. 

BENLATE T (Thiram + Benlate): For control of soil-borne Pythiura, 
Fusarium, Rhizoctonia damping off and early root rots of beans and 
peas. Benlate (bercayl) is a systemic. Low toxicity. 

CAPTAN (Orthocide, Merpan): Another low toxicity seed treatment fungi- 
cide that's also used as a foliar i .gicide. 

FERNASAN: A combination of Arasan and Lindane (an insecticide) that 
comes in several formulations. Fernasan 75W contains 75Z Arasan and IX 
Lindane — only enough insecticide to protect seeds during storage, not 
once in the ground. Fernasan 60/15 contains 602 Arasan and 15% Lindane 
for better control of seed eating insects in the soil. Both formula- 
tions are used at rates of 100-150 grams per 100 kg of seed. Smaller 
seeds require the higher dosage (more surface area). 

MERCURY COMPOUNDS : Mercury compounds have been virtually banned in the 
U.S. as seed treatments. The problem wasn't a build-up of mercury in 
the soil but the accidental (or unwitting) ingestion of mercury treated 
seed by livestock or even people. Mercury is very effective and even 
has a penetrating effect into the seed, but avoid using it whenever 
possible . Common mercury-base seed treatment compounds are Ceresan and 
Semes an . Agallol is a mercury base dip for potato seed pieces, but 
Zineb or Manzate can be substituted. Skill absorption of organic mer- 
cury compounds (Ceresan, Semesan, Agallol) is minor bat not so with in- 
organic like bichloride of mercury. Avoid breathing the vapors of any 
mercury product. 

APPLYING SEED TREATMENTS ; Arasan, Captan, and Fernasan can be applied 
as dusts to the seed at the rate of about 2-3.5 grams per kg of seed 
(smaller seeds need the higher rate). A baby food size jar works per- 
fect for small quantities of vegie seeds and you can " eyeball** the rate 
(it takes much less than you think); seed should look uniformly covered 
but not "buried" in the fungicide. Wash hands after*^ \s. Always 
store treated seed out of rsach of children and NEVER feed leftovers to 
humans or animals (i.e. treated maize, sorghum, bean seed, etc.) 
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NEMATODES AND THEIR CONTROL 



I. BASIC FACTS ON NEMATODES 

What are nematodes? : They are tiny, colorless, threadlike, unsegmented 
roundworms; they are not related to earthworms. Some types of nematodes 
like hookworms, roundworms, and pinworms attack man as well as animals* 
There are several dozen species that attack plant roots, as well as a few 
that injure stems and leaves. These plant feeding nematodes live in the 
soil, and most are too small (0.2 - 0.4 mm) to be easily seen with the naked 
eye. 

How do they damage plants? : The root feeding nematodes are the most 
common types attacking plants. They feed on or inside plant roots using 
needle-like mouthparts (cabled stylets) for piercing and sucking. The root 
knot nematode causes portions of the roots to swell into galls or knots, 
while root lesion nematodes produce dark colored lesions on the roots. 
Sting nematodes and stubby root nematodes prune the root system, making it 
appear stubby and sparse. Affected plants have trouble absorbing enough 
water and nutrient and become much more vulnerable to soil-borne fungal and 
bacterial diseases. In fact, those tomato varieties resistant to Fusarium 
wilt lost that resistance when attacked by nematodes. 

How serious is the damage? : Heavy infestations can lower crop yields 
by 30-80Z. 

Where are nematodes found? : Nematodes can be found in virtually any 
soil but are most prevalent and active where soil temperatures are warm; 
they seem to prefer sandier soils or those portions where moisture and soil 
fertility are low. 

How do nematodes spread? : Nematodes reproduce by fcggs, and life cycles 
of some types can be as short as 18-21 days in warm soils. Although a typi- 
cal nematode will move less than half a meter during its life, they are eas- 
ily spread by soil carried on tools, feet, and transplants or by water run- 
off from a field. 

What crops are most affected?: Nearly all crops are susceptible to 
some t^pe of nematode but vegies and pulse crops are generally more vulner- 
able than cereal crops . 

Some crops especially susceptible to root knot nematode damage : Squash, 
cucumber, watermelon, cantaloupe, tomato, pepper, beans, peas, okra, let- 
tuce, carrots, and strawberries. 

Some crops especially susceptible to root lesion nematodes : Okra, pepper, 
potato, sweetpotato, strawberries, cowpeas, peanuts, soybeans. 

Varieties within a crop vary greatly in their resistance to different 
types of nematodes. 
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other" JS3£*? £ S ct n ° I Mj«s or easily differentiated fro. 

tode damage and the type of %L%5 * * U8UaUy needed t0 'onfim^eca- 
neoatode Infr tation. " eiaacoae . except in obvious cases of x'oot knot 

f Above Ground i^toms 

Bible indications of nematode dlagl ^ the fcl1 ^ «e Pos- 

1 ' Plant stun ting and lar k of vizor is th* ~. 

3 ' SiS5f;en°ifiLr=» "X?2 «i heat isn't 

SUclng. insects, stem borers, end diseases .can also cause 

*' wa™ S o t c 1 co^ 8 J 1 ° g feat " r ? ° £ nemaCOis »• that it ntaosc al- 

ways occors ia scattered patches i„ the field aad is rarely It 

\ Root Symptoms 

Carefully dig up the roots and look for the following: 

roots. Nematode galls are swellings ofT-he acual ronr .>..Tt , 
have a white, granular appearance inside SnT^M. !5 J 
Pink to red inside and caTbe easU^cauhSlr^l^,!" 

2 - ss skass <r„rs,:%x o ro^ a ss ^.sa- 

Laboratory Diagnosis 

Plant pathology labs ia most countries can te^r «mi w 
for nematodes. Take s-,n ,.o„,4 ""^"es can test soil ana root samples 

Plants, using'a ^"^^J^^^^^^^ » 
Siva feat. ^out^la^ ^comp^slT * ^ 



- 269 - 



tKiC 150 ' 



III. HOW TO CONTROL NEMATODES 



Successful nematode control requires an integrated approach that com- 
bines several non-chemical methods and the likely need for chemical nemato- 
cides. xhe use of nematocides alone is unlikely to provide satisfactory 
control. ' 

Non-chemical Controls 

1 ' Avoid spreading nematode s into uninfested areas : Clean off soil 
from tools and equipment; avoid using transplants of unknown origin 
that might harbor nematodes. Some types of tress introduced for 
shade or windbreaks such as Prosapi s species harbor nematodes. 

2. Crop rotation : Designing an effective rotation requires a nematode 
lab analysis to determine the types of nematodes present; given the 
many types of nematodes and susceptible crops, a nematologist 

an^ideafroTtionf* * ^ »* «* ^ 

3. Resistant varieties: Nematode resistance varies greatly among 
varieties of a particular crop, although complete immunity isn't 
possible. Furthermore, even a resistant variety may still be sus- 
ceptible to several types of nematodes. Vegetable varieties with 
the letter N following their names have some resistance to nema- 
todes (usually certain types of root knot nematodes). 

4 - Plowing up aro p roots and exposlng them tQ sun and drylng wlnds; 
This will significantly reduce nematode populations. — 

5. Flooding : One month of flooding, one month of drying, and another 
month of flooding will reduce nematode problems but is^'t often 
practical. 



6. 
7. 



Good soil fertility and hien soil n^ lc matter le vels tel re _ . 
duce the severity of nematode damage. — 

Antagonistic plants: Many garden books recommend interplanting 
marigolds among susceptible crops to control nematodes. However, 
research has shown that marigold varieties vary in their effec- 
tiveness which is also limited to cenain types of nematodes (root 
knot and/or root lesion, depending on the authority). Further- 
more, marigolds don't kill nematodes but starve them out; this 
■*•?! that interplanti ng isn't effective , since the nematodes 
would still have a food source. Marigolds should be planted solid 
(about 15-20 cm apart) and allowed to mature. Keep the area com- 
pletely weed and crop free where the marigolds are growing. Col- 
lect the mature heads before they shatter (drop their seeds). 
Where root knot nematodes are a problem, marigolds should be 

SSKi rjj! ° ther ..r ar * French dwarf W es such 35 "Tangerine", 
retite Gold , and Harmony" ate "known to be effective. 
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8. 



9. 
10. 



disc, can reduce ^pJSSTS St^^^^! 53 ^"- 

llo-UO-/" f ° r ?"* " hich *Sl h«t up^&'co CdgM - 

130-140 P several Inches dovn. TK will also Sll « . 

and baeteria as veil as weed seec m£ul fungl 

SLC « 1 S5ST' ° f n " rSerV «H *<" W"°e water, 



Chemical Controls 



^^.^an^ant^tt^rrk^T' " 4 EM " — 
specialized application e^me^'some arfve^S^ * 

^^U^^tr ^S^S <C f ° Pr0P J' F "" to - 8 " d Oasanit can be 
sects. Under small farmer eZJ? 3130 8 " 8 <="™ against so»e In- 

ter nematedes ontv „„„u L ? h£!lr °" e °" " 8l2e 8nd «>»r cereals 

tlons and high peLntS v?.""* Sf" 1 ln 03863 0j lnf.s-.a- 

justlfled en the pulses ^tUlu ^ may ta 80,,e 88888 *♦» ««lr use Is 
guidelines f er ^^11^"^^.""' ~ ~ 

"beS'lIXTs^as^o 11 U,U " " « 8 «« - »- — 
the years has caused resclcula ~ = 

shoSTbelo »: * gglcltg. . Nematode application guldellne^e 

££SSHil: use Pl 2 m'sT* f " 35 . Cn Uid8 ° Ver the r °" » 8£ °" Panting; 

;nto 2 ;„e 4 ;o 5 u g 5 :L 1 rc: e dee P " dlEnt/ha - - «- »°* 8d 



Maize: 



S ^^t^r ° ld8 ° V8r 888 ™ » 8£ ° 88 fating and 
"g«dle t » t / t „a e . t ° P 5 " 10 " ° £ 8011 - 088 I-"-* *g of active 

toxtc botn 0 o D ra 0 "l v Pr ";' 1 "'" ! ^ neiMt<,d8s 88d 8011 £ " 8 "« but Is verv 

i^t^v ing" oLS/ha"^ y r a S PU 1 ^ « 888 8888 ° £ 

systemic. lnBr8818nt/ha - "« recommended for most small farmers. Non- 

SaTa^grla^ "ith extremely high 




DASANIT (Terracur, fensulf othion) : A non-systemic product for soil insects 
and nematodes. Very high oral and dermal toxicity. Avoid using. 



NEMACUR (Phenamiphos, Fenamiphos) : A systemic product for nematodes, soil 
insects, above-ground sucking insects. Class 2 toxicity. Applied to 
j anuts liKe Furadan at 1.7-2.85 kg active ingredient/ha. Handle with care. 
Use Furadan instead if possible due to its much lower dermal toxicity. 



NEMATOCIDES & SOIL STERILANTS 

Soil sterilant is a vague ternu Some products kill just about every- 
thing (nematodes, insects, fungus, bacteria, weeds) while others are less 
comprehensive. Some nematocides control only nematodes (i.e. like Nemagon) 
while others are really soil sterilants in the broad sense. 

Do soil sterilants also hurt the "good guys" like beneficial bacteria, 
fungi, and earthworms? You bet, but it's only temporary and confined to the 
top 6-8". Where disease problems (soil borne ones) are severe, some form of 
sterilization may be the only answer. 

N on-Chemical Soil Sterilization 

1 . Applying boiling water to seedbox soil is very effective if the 
soil is thoroughly soaked. 

2. Heating the soil in an oven or over a fire works great too; partly 
wet soil heats up better and the formation of s,team helps. Soil 
can be placed on a piece of zinc roofing supported over a fire or 
use half of a 55 gal, drum split the long way. About one hour at 
180°F does the trick; don't overcook the soil as it may release 
toxic (for plants) amounts of certain elements. One way of check- 
ing is to place a potato or sweetpotato midway down in the soil; 
when it's cooked, the soil is ready. 

Be careful not to reconfcaminate the soil by further additions or by adding 
compost or manure afterwards. 




Root knot nematode galls on 
bean roots. Note how they 



differ from nodules by actual- 
ly being part of the root. 
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Chemical Soli Sterllants and Nematocldes 
BASAMID Granules (DKTT) 

A multi-purpose soli sterllant for nematodes, Insects, fungi, bacteria, 
and weeds; has a fumlgant (gaseous) action. Moderate toxicity for humans. 
Applied broadcast or band. Soli should be clod-free, loose, and semi -wet, 
and free of undecomposed • lant residues. In sandy and loamy soils, use 
35-40 grams per sq. meter (11 sq. ft.) broadcast and Immediately worked into 
the top 6-9" of soil. Ur^onn mixing is important for good control. Pre- 
vent escape of the fumes by watering lightly after- application (1/4" of 
water or about 2 gals. p«r sq. meter) and then once again 3-4 days later or 
covering with plastic for a few days (sounds better). Wait 10-14 day3 be- 
fore planting in warm climates (soil temp, above 68°F). Stir soil thorough- 
ly 7 days after application. Can also be applied 20 cms. (8") wide centered 
over the row and incorporated 8" deep for tobacco and tomato transplants; 
wait 4 weeks before transplanting. 

FORMALDEHYDE (Formalin) 

Controls everything but nematodes and weed seeds. There are various 
recipes but here's a couple of old standby's: 

1. 1 gal. of commercial formaldehyde (about 37% strength) mixed with 
30 gals, water. Drench soil at 1 q*;art per sq. ft. (10 liters/sq. 
meter). Water heavily afterwards and apply plastic. Remove plas- 

^ tic after 48 hours and work up the soil as soon as it's dry. Wait 

10-14 days before planting (make a small test planting first). 

2. Quickie Method for small amounts of soil : 1 part formaldehyde In 5 
parts water. Apply at 1 tablespoon per 2-1/2 sq. feet (0.25 sq. 
meters) of seed box soil and thoroughly mix or stir. Plant after 24 
hours but water right after planting. 

Formaldehyde funes are irritating to the eyes and nose and poisonous to 
nearby growing plants. 



FURADAN (Carbofuran) 

A systemic nematodde-insecticide available as a 3% and 5% granular 
formulation and a 75% WP. The pure material has a high oral but very low 
dermal toxicity . Usually applied as a band treatment centered over the row. 
It's absorbed by the roots and then translocated throughout the plant. Con- 
trols soil nematodes, soil insects, plus many chewing and sucking foliage 
pests like flea beetles, aphids, leaf hoppers, and leaf miners. 

On vegetables, the rate of Furadan 5% granules is 30-40 grams per 10 
meters of row length applied at transplant or seeding time. There are 4 
recommended methods cf application: 

1. Placing it in a 15-25 cm. (6-10") wide band centered over the row. 



2. In a circle around each transplant or seed. 
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3. Mixing with the row fertilizer and applying it in the bottom of the 
furrow, covering with a. couple inches of soil and then seeding. 
Hake the furrow a couple inches off to the side to avoid fertilizer 
burn. 

4. For nursery seedbeds, use 10-15 grams per sq. met. (5% granules) 
and work into the top 4-6" of soil. 

NEMAGON (Fumazone, DBCP) 

For nematodes only. Unfortunately, Nemagon has been found to be a pos- 
sible carcinogen and is being phased out in the U.S. on some crops. Of mod- 
erate oral and dermal toxicity. Frumazone is a liquid; Nemagon comes as 
both a liquid and granules. Never use repackaged Nemagon granules or those 
that have been exposed to the air for several days— all the vapor leaves the 
grannies in 7-10 days when exposed to air. Not for tobacco, sweetpotatoes , 
/potatoes, beets, onions, cr garlic. When transplanting tomatoes and pep- 
pers, it's best to, wait 8-10 days after treatment. Both liquid and granules 
need to be applied' 6-8" deep iivd then covered (make a furrow for each crop 
row). Plant seed or transplant over the furrow. A quart size jar with 2 
holes in the lid (opposite each other) makes good liquid applicator. See 
label for dosage as there are several different formulations. Has a fumi- 
gant action. 

METHYL BROMIDE (Dowf ume MC-2) 

A general soil sterilant sold in a can as a liquid under pressure which 
volatilizes into a gas when opened. Highly poisonous to all living things. 
The gas will severly burn the skin and inhalation can be fatal . Most formu- 
lations are spiked with tear ges (chloropicrin) as a warning agent. Don't 
use on onions , garlic or celery . 

Must be applied under a sealed plastic tarp to loose, semi-wet soil 
tilled to at least 8". Soil should be free of crop residues. 1-2 lbs. 
needed per 100 sq. ft (comes in can). Keep plastic on for at least 48 hours 
after application, then stir up the soil to help dissipa e the chemical (no 
danger of human toxicity after 48 hours). Planting can done 3-7 days 
after the plastic is taken off. Usually used only for nursery seedbed soil 
(i.e. for starting out seeds for transplants), 

MOCAP (Ethoprop, Jolt, Prophos) 

A non-systemic insecticide-neraatocide for controlling soil insects and 
nematodes. Highly toxic both orally and dermally. Readily absorbed through 
the skin. Has a residual activity of about 8 weeks in the soil. Requires 
only light incorporation (1-2" deep) as it moves downwar/d rather than upward 
(no fumigant action). Rubber gloves are a must when handling. It's too 
dangerous a chemical for most farmers. 

VAPAM (VPK) 

A liquid broad-spectrum soil fumigant effective against insects, nema- 
todes, bacteria, weeds, and fungi. For treating small areas, it can be 
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HEH^Sl & f ! ?plied With * s P rinkli «S «n. Cover the soil with 

plastic for a couple days after application or drench with plain water to 
move the chemical downward. Allow at least 21 days before planting; dosage 
is usually 1-2 quarts per 100 sq. ft. in 15-20 gels, water/ READ THE LABEL. 
Vapam has low oral and moderate derail toxicity. 

When using a soil st«rilant, don't recontaminate the soil by making 
additions of compost and manure (do it first). Unclean tools or boots can 
tracic in disease and nematodes too. 

Some agronomists recommend that any II fertilizer applied after sterili- 
zation should contain about half its N in the mobile and more available 
nltrate £orm * Sterilized soil won't l_ve enough good guy bacteria to con- 
vert ammonium N (doesn't mova much and is less available) to nitrate N. 
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WEED* CONTROL 



I. HOW WEEDS LOWER CROP YEILDS 

1. They compete with the crop for water , sunlight , and nutrients * 

2. They harbor Insects , and some weeds are hosts for crop diseases 
(especially viruses). 

3. Heavy infestations can seriously interfere with machine harvesting. 

4. A few weeds like Striga (vitchweed) are parasitic and cause yellow- 
ing, wilting, and loss of crop vigor. 

Extent of Yield Losses 

Numerous trials in the U.S. have show* maize yield losses ranging from 
41-86% when weeds weren f t controlled. One trial in Kenya yield only 370 
kg/ha of maize with no weed control compared to 3000 kg/ha for clean weeded 
plots. A CIAT trial with beans in Colombia a yield drop of 83Z with no 
weeding. 

Of course, all farmers weed their fields to some extent, but most of 
them could significantly increase their crop yields if they did a more 
thorough and timely job . A University of Illinois (U.S.) trial showed that 
just one pigweed every meter (40") along the row reduced maize yields by 440 
kg/ha (390 lbs. /acre). By the time weeds are only a few inches tall, they 
have already affected crop yields. 

Relative competitive ability of the reference crops : Slow starters 
like peanuts , millet / and sorghum compete poorly with weeds during the first 
few weeks of growth. Low growing crops like peanuts , bush beans , and bush 
cowpeas are fairly effective at suppressing further weed growth once they 
are big enough to fully shade the inter-row spaces. However, tall growing 
weeds that, were not adequately controlled earlier can easily overtake these 
"short** crops. 

II. SOME IMPORTANT FACTS ON WEEDS 

Broadleaf vs. Grassy Weeds 

Broadleaf weeds have wide (broad or oval shaped) leaves with veins that 
form a feather-like p attern. Grassy weeds are true grasses and have long, 
narrow leaves with veins that run up and down in a parallel pattern. A few 
weeds like nutsedge (nutgrass) belong to neither category but are sedges , 
all of which have triangular stems. Some chemical herbicides are nore 
effective on broadleaf weeds, while others give better control of grassy 
types. 

How Weeds Reproduce and Spread: nuals vs. Perennials 

Annual weeds live only a year or so and reproduce by seed: they are 
the most common weeds in may fields. In the tropics, annuals may live more 
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than a year if rainfall is sufficient. Most annuals produce tremendous 
amounts of seed , some of which may not germinate for years. When you stir 
the .soil with a.hoe, harrow, or cultivator to kill weeds, you destroy one x 
crop of them but encourage another by moving more weed seeds closer to the ) 
surface where they can sprout. 

You can help lower a field's population of annual weeds by controlling 
them before they produce seed. Permanent eradication of annual weeds isn't 
possible because most fields contain millions of weed seeds waiting to ger- 
minate, and the supply is continually replenished by more seeds brought in 
by wind , watur, animals, animal manure , and by contaminated crop seeds. 

Perennial weeds live more than 2 years. Most produce seed but many 
also propogate by means of creeping above-ground stems (stolons) and creep- 
ing underground stems (rhizomes). Johnsongrass , Bermudagrass , quackgrass, 
and nutsedge are some of the more agressive perennial weeds. Hoeing or 
mechanical cultivation may actually aid in spreading them around the field. 
Most herbicides will kill only the topgrowth, and there is enough food in 
the underground parts to continue propagation. 

ii 

Identifying Weeds 

Where weeds are being controlled by hoeing or mechanical cultivation, 
their specific identification is usually not important. However, where che- 
mical weed control is used, you and the farmer should have a good idea or 
which specific weeds are present, because most herbicides do not give broad- 
spectrum control. The following extension publication is an excellent iden- 
tification guide and has pictures and descriptions of some 150 common wseds 
found throughout the tropics and sub-tropics: i 

"Weeds of the Southern United States, available from the 
Cooperative Extension Service of Clemson University, 
Clemson, South Carolina, U.S.A. 29631 

III. A LOOK AT DIFFERENT WEED CONTROL METHODS 

Let's look at the pros and cons of the following weed control methods: 

I*. Burning 

2. Mulching 

3. Shading (the row crop principle) 

4. Hoe and machete cultivation 

5. Animal and tractor-drawn cultivation 

6. Herbicides 

1. Burning 

When land is cleared by burning, standing annual weeds are killed along '< 
with weed seeds very near the soil surface. However, burning will net kill 
we^d seeds or reproductive underground parts of perennial weeds "they are 
deeper than 4-5 cm (2"). Furthermore, as the brush is often placed in win- 
drows or piles before burning, much of the soil may not be affected by the 
fire. Some. perennial tropical grasses such as Guinea (Panicum maximum) and 
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speargrass (Imperata cylindrica) are actually stimulated Into dense regrowth 
by burning. On the other hand, weeds may be less of a problem under slash 
and burn farming, because the soli Is usually not turned by plowing or cul- 
tivation to bring up more weed seeds* 

2. Mulching 

Mulching the soli surface with a 10-15 cm (4-6") layer of crop resi- 
dues, dead weeds, or grass can give very effective weed control and provide 
a number of other benefits: 

a. Erosion is greatly reduced on sloping soils. 

b * Soil water loss by evaporation and runoff is greatly reduced. 

c. In very hot areas, soil temperatures are reduced to a more benefi- 
cial level for crop growth. 

d * Organic matter is eventually added to the soil. 

In trials conducted by IITA in Nigeria, mulching increased maize yields 
by 23-45% and greatly reduced the heavy labor requirement for hand weeding 
which accounts for a 50-70% of the hours needed to grow maize in that area. 

3. The Row Crop Principle 

Arranging crops in rows facilitates hand weeding but also makes possi- 
ble raechnical cultivation (weeding) with tractor or animal-drawn equipment. 
The rows also permit the crop to exert better shade competition against the 
weeds • * 

4 • Hoe and Machete Cultivation 

Weeding with hand tools is an effective method if sufficient labor is 
available. However, small farmers who rely on this method commonly fall be- 
hind in weeding, and crop yields often suffer. 

5# Animal and Tractor-drawn Cultivation 

Disk harrow , field cultivators » and spike tooth harrows can provide 
excellent pre-planting weed control. The spike tooth harrow can also be 
used to control emerging weeds up until the crop is about 7.5-10 cm (3-4") 
tall without serious damage. 

Animal and tractor-drawn row cultivators can be used from the time the 
crop is a few inches tall; they do a much more rapid job than hand weeding, 
and a one-row animal drawn model can easily cover 3-4 hectares/day (7.5-10 
acres) unless the rows are very narrow. They can be adjusted to throw soil 
into the row itself to kill small weeds by burying them. If operated too 
deeply or too close to the row, serious root pruning may result. 
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6. Herbicides 



Herbicides can, greatly reduce labor requirements and permit a fanner to 
grow a larger acreage; t hey also avoid root pruning damagef soil compaction. 
and stand reduction which are caused by hand tools or mechanical equipent. 
In a number of cases, herbicides like Gesaprim (atrazine, see herbicide sec- 
tion) and, 2,4-D have provea competitive with hand labor in maize production 
in the LDC's. IHA is working on improved methods for small farmer applica- 
tion of herbicides such ^as granular forms and ultra low volume sprayers. 

Herbicides do have some very definite disadvantages that must be con- 
sidered when working with small farmers: 



1. They are less reliable than hand tool or mechanical weeding and 
most require careful and accurate application . This can be achiev- 
ed by small farmers using backpack sprayers , but it requires some 
training. 

2. Weed control is seldom complete; most herbicides are not broad- 
spectrum , and it's important to analyze the type of local weed 
species present before choosing a product, 

3» Most soil applied herbicides require a certain amount of rain with- 
in a week after application in order to move the chemical into the 
zone of weed seed germination. Others need immediate incorporation 
into the soil with a disk harrow or rototiller. 

4. Improper application may damage the crop. 

5. Nearly all herbicides are unsuited for use in intercropping involv- 
ing cereals and legumes due to crop injury: these products are 
crop-specific as well as weed-specific. 
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BIBLIOGRAPHY 



USEFUL CROP PRODUCTION 
REFERENCES FOR TRAINEES AND TRAINERS 



Aside from the crops tech reference package (see Printed Materials 
Section), which should be given each crops trainee and trainer, the follow- 
ing additional references are very useful: 

I. Suggested vegetable related references to be ordered for each trainee : 

Insect Pests, Geo. Fitcher, a. Golden Guide, Western Pub. Co., 1220 
Mound Ave., Racine, Wisconsin 53404, Tel. 494-633-2431 or to order, 
$2.95. Very useful pocket Guide with drawings and descriptions of many 
common vegetable, field crop, livestock, and human pests found world- 
wide. 

Soils, Crops, and Fertilizer Use, 1980, ed., PC/ICE Reprint R8, 160 pp. 
A how-to guide on essential hands-on and tech skills needed for 
trouble -shooting soils, soil conservation, and maximizing returns from 
the appropriate use of organic can chemical fertilizers under small 
farmer conditions • 

"Tomato Diseases and their Control", USDA Agric. Handbook No* 203, 109 
pp., $1.00. Sometimes available free through PC/ICE. Complete picto- 
rials and descriptive guide to tomato diseases and their control 
methods. A much shorter (10 pp.) USDA bulletin, "Controlling Tomato 
Diseases in the Home Garden" is usually available through PC/ICE. 

Intensive Vegetable G? ^iening for Profit and Self-sufficiency, PC/ICE 
Reprint R-25, 160 pp. contains some very practical information on 
small scale gardening, particularly tool selection, home fabrication of 
tools and water lifts, garden planning, and basic production practices. 
However, the manual is based on Jamaican conditions and tends to over- 
simplify important areas like soil fertility and fertilizer use, water- 
ing; and pest and disease control. 

II. Suggested vegetable and field crop related references for inclusion in 
a training center ag library : (In some caces* such as the field crop 
pocket disease guides, they may be worth ordering for each trainee.) 



VEGETABLE PRODUCTION 

Vegetable Growing Handbook , W. Splittstoesser, AVI Pub. Co., Westport, 
CN, 1979. An unusually practical textbook. 

Producing .Vegetable Crops , Ware and McCollum, 3rd ed., 1980, Thompson 
Publications, Box 9335, Fresno, CA 93791, $18.00. Geared to commercial 
production but still useful. 
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The Self-Sufficient Vegetable Gardener , J. Seymour, Dolphin Books, 
Garden City, N.Y. 1980, $9.95. Probably the most reliable and complete 
of the home gardening books. Covers land preparation through harvest 
practices plus drying, canning, and more. Like most such books, it is 
based cc, temperate zone conditions. Well illustrated. 

Handbook for Vegetable Grower s, J. Knott, John Wiley and Sons, U.Y. 
1962. Despite its age, it contains many useful tables on irrigation, 
crop adaptation, time to maturity, fertilizers, etc. 

All About Vegetables t Ortho Book Series, Chevron Chemical Company, 575 
Market Street, San Francisco, California 94105, $4.98. Often available 
in garden and book stores. Another useful supplemental vegetable gar- 
dening guide; well illustrated; based on temperate zone conditions. A 
good beginner's guide for home gardening. Tends to oversimplify. 

Down to Earth Vegetable Gardening Know-How , D. Raymond, Garden Way Pub- 
lications, Charlotte, Vermont, 0544*5, $5.95. Very useful guidelines 
for selecting, processing, and saving seed, but does not address the 
problem of seed-borne diseases. 

How to Grow More Vegetables , J. Jeavons, Ten Speed Press, Box 7123, 
Berkley, California 94707, 115 pp., $5.95. This popular book on the 
biodynamic/French intensive method of organic gardening offers some 
useful advice on double-digging, deep bed preparation, and hexagonal 
planting. However, it oversimplifies watering (i.e. the , *shiny M 
method), and gets bogged down in unproven statements and doubtful prac- 
tices such as planting by the moon, relying on portable soil test kits, 
the "poisoning" effect of chemical fertilizers. The benefits of com- 
panion planting are overstated. 

INSECTS, DISEASES , WEEDS , NEMATODES 

General 

North Carolina Agricultural Chemicals Handbook , Division of Continuing 
Education, Box 5125, Raleigh, North Carolina 27650, $5.00, Revised 
yearly. Gives dosages, application rates, and safety precautions for 
insecticides, fungicides, herbicides, nematocides. 

Insect Pests of Farm, Garden, and Orchard , 7th ed., R. Davidson and 
W. Lyon, 1979, John Wiley and Sons, N.Y. Good for identification and 
life cycles. 

Complete Guide to Pest Control , George Ware, Thompson Publications, Bex 
9335, Fresno, California 93791, $19.00. Cover organic and chemical 
insect, disease, weed, nematode, rodent, and bird controls. Very 
helpful. 

Thompson Guides. Book I: Insecticides ; Book II: Herbicides ; Book IV: 
Fungicides , Thompson PuLMcations (see address abuve). $13.50 each. 
Lists and describes the most widely used pesticides including common 
names, uses, rates (per acre), pests controlled, toxicity (oral only), 
and precautions. 
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Plant Disease Control , E. Sharvelle, AVI Pub. Co., Westport, CN, 1979. 
One of the most practical te. s available. 

Color Handbook of Garden Insects , A. Carr, Rodale Press, Emmaus, PA, 
$12.95. Contains 300 full color pictures of common harmful and benefi- 
cial insects (including eggs in some cases). An especially good insect 
guide. 

"Handbook on Eiological Control of Plant Pests", Brooklyn Botanic Gar- 
dens, 1000 Washington Avenue, Brooklyn, New York 11225, $2.55, 1960, 97 
pp. Covers predator insects, microbial insecticides, other non- 
chemical controls. Good pictures of lace bugs, lady bugs, aphid lions, 
etc. 

"Nematode Control", Bui. 652, Coop. Extension Service, Univ. of 
Georgia, College of Agriculture, Athens, Georgia 30602. Covers diag- 
nosis and control of nematodes. Well illustrated, very helpful. 

Agricultural Pests of the Tropics, 1975, D. nill, Cambridge University 
Press, London, 1975. 



Maize Diseases 

"Maize Diseases: A Guide for Field Identification", Information Bulle- 
tin No. 11, CIMMYT, Aparfcado Postal 6-641, Mexico 6, D.F. , $2.50. 
Available in English and Spanish. Pocket pictorial guide for diagnosis 
but does not give control measures. 

"A Compendium of Corn Diseases", 2nd edition, 1980, American Phyto- 
pathological Society, 3340 Pilot Knob Road, St. Paul, Minnesota 55121, . 
$11.00. Well illustrated and complete descriptions and conr ro l mea- 
sures for diseases and nematodes; also includes hunger signs and envi- 
ronmental problems. 



Sorghum and Millet Diseases 

"Sorghum and Pearl Millet Disease Identification Handbook", Information 
Bulletin No. 2, ICRISAT, P.O. Patancheru 502 324, Andhra Pradesh, INDIA 
or Texas Agricultural Experimental Station, Texas A & M, College 
Station, Texas 77 843. Pocket guide, illustrated, but does not give 
control measures • 

"Sorghum Diseases", Bui. 1085, Texas Agricultural Extension Service, 
Texas A & M University, College Station, Texas 77843. Pictorial guide 
that also discuss controls. 



Rice Diseases, Insects 



"Field Problems of Tropical Rice", IRRI, 1970, available from Unipub, 
345 Park Avenue South, New York, New York 10010, $5.00. Pocket picto- 
rial guide that also covers hunger signs. 
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Peanuts Disease 



ServSe D I980 M 23 , i?" , rlli2 a *S Horth S^ 0 "" 3 A g ric "^ural Extension 
service, 23 pp. Great pictures but does not discuss controls. 

Bean Diseases, Insects 

I^ ld „ I t 0blemS 0f Beans in Latln Africa*, 1978, CIAT, Apdo. Aereo 
671o, California, Columbia, $5.60 plus air postage ($3.^0 for U.S., 
$2.50 for Latin America, $6.00 for Asia and Africa). Available in' 
English and Spanish; includes diseases, insects, and hunger signs; 136 
pp., pictures. 

Bean Production Problems: Disease, Insect, Soil, and Climatic Con- 
straints of Phaseolus Vulgaris, ed. by H. Schwarz and G. Galvez, 1980, 
CIAT (see address above), $15.00 plus air postage; 424 pp. 



Soybean-Diseases 

"Soybean Diseases Atlas", Cooperat.'ve Extension Service, Clemson 
University, Clemson, South Carolina 29631. 



Potato Diseases 

"The Potato: Major Diseases and Nematodes", ** International 
Potato Center, Apartado 5959, Lima, Peru or Box 25171, Nairobi, Kenya 
or Box 1237, Islamabad, Pakistan or c/o PCARR, Los B?nos , Lsguna, 
Philippines; one copy free, others $3.00 each. Pocket pictorial guide: 
does not give control measures. 

Compendium of Potato Diseases . 1981, Americai. PhytL pathological Soci- 
ety, 3340 Pilot Kncb Road, St. Paul, Minnesota 55121, $11.00, 142 pp, 
192 illustrations. The best available; also gives control measures.' 



SOIL MANAGEMENT. FERTILIZER USE 

Southern G ardener's Soil Handbook . W. Peavy, Pacesetter Press, Box 
2608, Houston, Texas 77001, S4.95, 81 pp. Down to earth tech and 
hands-or. coverage of improving clayey soils, composting, organic and 
chemical fertilizers, mulching, and watering by an extension horticul- 
turist. 

The Nature and Properties of Soils . Nort Brady, Stl ed., 1974, 
MacMillan Publishing Company, 86b 3rd Avenue, New York, Hew York 10022. 
A dry but excellent fxt covering the tech side of plar.c nutrition, 
fertilizer use, soil classification, liming, and soil salinity. 

Hunger Si gns in Crops , H. Sprague, David McKay Company, New York, N.Y. 
455 po., 193 illustrations. Covers field crops, vegetables, citrus, 
tobacco, pasture legumes and grasses, grapes, deciduous tree fruits. 

*1. Available in English, French or Spanish. 
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IRRIGATION 



Irrigation Principles and Practices, 1969, PC/ICE Reprint R5, 112pp. 
Useful reference on water measurement, m irrigation planning, crop water 
needs. 

"Irrigation: When? How much? Why", Bui. A-20, Cooperative Extension 
Service, University of Arizona, Tucson, Arizona 85721. Very helpful 
guide on furrow irrigation. 



FIELD CROP PRODUCTION 

Traditional Field Crops , 1981, PC/ICE. Covers maize, sorghum, millet, 
beans, peanuts, rind cowpea production under small fanner conditions. 
Detailed information on characteristics, adaptation, cropping systems, 
land preparation, planting, pest control, fertiliser use, liming, har- 
vesting, drying, and storage. 

Small Farm Grain Storage , PC/ICE, 1976, 500 Dp. Must reading for any- 
one contemplating work in grain storage. This well written and 
detailed manual covers principles and practices of drying, scorage, and 
rodent-insect control. Includes designs for grain dryers, cribs, 
silos, and bins." 

Manual on Improved Farm and Village Level Grain Storage Methods , 
D. Dichter (co-author of the manual above), German Agency for Technical 
» Cooperation (GTZ), Dag-Hammarskjold-Weg 1, D-6236 Eschborn 1, Federal 
Republic of Germany, 243 pp. Less complete than the Small Farm Grain 
Storage manual but considerably less bulky. Contains some design 
improvements for the mud brick silo. 

Crop Production Handbook , PC/ICE Reprint R6, 1969, 147 pp. Too aca- 
demic an overview to be of much use* 

Guide for Field Crops in the Tropicals and Sub-tropics , PC/ICE Reprint 
RIO, 1976, 321 pp. An AID publication covering cereals, legumes, oil 
crops, bananas, fiber crops, and tuber cro;s. Not very field-oriented. 

Principles of Field Crop Production . Martin & Leonard , MacMillan Pub- 
lishing Company, New York, 1976 1100 pp. Good general reference but 
oriented to temperate zone production. 



aize Production 

Modern Corn Production , Aldrich & Leng, 2nd, ed., 1978, Thompson Publi- 
cations, Box 9335, Fresno, California 93791, 360 pp., $21.75, The best 
in-depth yet practical guide to maize growing available. Well illus- 
trated and geared toward the field. 

On Farm Maize Drying and Storage in the Humid Tropics , FA0 Agricultural 
Services Bulletin No. 40, 1973, 60 pp. Available from Unipub, 345 Park 
Avenue, South, New York, N.Y. 10010, $7.50. Results of work at the 
African Rural Storage Center Project in West Africa* 




Millet Production 




, Rachie & Majmudar, Penn State University Park and London, 



Rice Production 

Training Manual for Rice Production , 1976, IRRI, 140 pp., Unipub, 345 
Park Avenue South, New York, New York 10010, $12.00 plus $1.00 post- 
age. Step-by-step lesson plans on flooded rice production growing 
practices. 

A Farmers Primer on Growing Rice , IRRI, 197$, 221 pp., Unipub, (see 
address above), $14*50 plus postage. Covers basic growing practices 
for flooded rice. 



Peanut Production 

"Growing Peanuts in Georgia," Bulletin 640, 1979, Cooperative Extension 
Service, University of Georgia, College of Agriculture, Athens, Georgia 
30602. Geared to mechanized production but contains much useful infor- 
mation on peanut characteristics, adaptation, crop rotations, pests and 
diseases, growing practices, 47 pp. 



Soybean Production 

Modern Soybean Production » Scott & Aldrich, Thompson Publications, Box 
9335, Fresno, California 93791, 192 pp., $18.50. The bes- overall 
reference on soybean production. Well illustrated. 



ROOT AND TUBER CROPS 

"Tropical Horticulture for Secondary Schools - Teacher's Manual", Book 
2, Edward Soucie, PATS Educational Foundation of Micronesia, P.O. 
Box 39, Ponape, Caroline Islands 96941. An excellent practical manual 
covering tropical yams, taro, sweetpotato, cassava, as well as banana, 
breadfruit, and coconut. Contains a useful bibliography. 

"Growing and Marketing Quality Sweetpotatoes", North Carolina Agricul- 
tural Extension Service, Circular 563, 1976. 

IITA (International Institute of Tropical Agriculture) has an extensive 
ressearch program in tropical yam (Dioscorea spp.) production. CIAT 
(International Center for Tropical Agriculture) does work with cassava 
(Manioc). Both institutes have useful publications available on these 
crops which can be obtained by requesting a catalog from the addresses 
below: 



IITA, PMB 5320, Ibadan, Nigeria, West Africa 



CIAT, Apartado Aereo 6713, Cali, Columbia, South America 
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TROPICAL AGRICULTURE - General 
AGRICULTURAL EXTENSION 

practices to ot W s im P ortant "le in extending new 

tural programs. 01 s ^estious are suited to PC agricul- 

Agricultural extension manual to be published by PC/ICE in 1982. 



lb? 
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